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IMWKACE 


r I'ms treatise has been writ 1 cn for those interested in the fabrication, 
merchandising and application of bituminous products. It embraces: 
(I) methods serving as a guide for the works chemist engaged in testing 
and analyzing raw and manufactured products; (2) data for assisting 
the refinery or factory superintendent in blending and compounding 
mixtures; (IS) information enabling the ambitious salesman to enlarge 
bis knowledge concerning the scope and limitations of the articles he 
vends; and (1) the principles underlying the practical application of 
bituminous products for structural purposes, of interest to the engineer, 
contractor and architect. Subject-matter of sole value to the technical 
man has been segregated in Part V, "Methods of Testing," 1 excepting 
the outline of the ‘‘Chemistry of Bituminous Substances" appearing in 
Chapter 111. These sections, however, may he passed over by the non¬ 
technical man, without interfering materially with the continuity of the 
work. 

In view of the vast amount of ground covered in this volume, and 
fully realizing the limitations of bis proficiency in some of its branches 
and ramifications, the author has taken it upon himself to draw freely 
iV.iu contemporary text-bunks and journal articles. In such instances, 
his endeavor lias been to place due credit where it belongs, by referring 
to the source of such extraneous information. Nevertheless, there has 
been included a substantial amount, of original data accumulated by 
the author during the past, nineteen years, most of which appears in print 
herein for the first time. 

Topics which have been ably presented in other reference books, 
as for example the technology of pavements, etc,, have purposely been 
subordinated to those concerning which little data has hitherto been 
available. To I he kilter belong such subjects as petroleum asphalts; 
fatlv-aeid pitches; bituminized roofings, floorings and other fabrics; bitu¬ 
minous paints, cements, varnishes and japans. 

Certain branches of the industry have developed along different lines 
in Kurope than lias been the case in this country, especially the treat- 
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ment of peat and lignite (Chapter XV), also pyrobituminous shales 
(Chapter XVI). In such instances, the methods in vogue abroad before' 
the great war are described with more or less detail. It must be 'borne 
in,mind in this connection, that the war has materially interfered with 
the prosecution of these industries abroad, and the data presented should 
be so construed, even though not specifically stated in the text. 

Whereas the greatest pains have been taken to establish the accuracy 
of every assertion, as well as the authenticity of every alleged fact, 
the author docs not flatter himself that he has escaped the pitfalls which 
must perforce beset the path of a writer who undertakes to delve into a 
subject as complicated as the one under consideration, concerning which 
there are so many divergent views. 

Appreciation is expressed for the valuable suggestions and assistance 
rendered by W. A. Hamor, D. It. Steuart, Prdvost Hubbard, S. R. Church, 
E. B. Cobh, David Wesson, Clifford Richardson, S. C. Ells, and the 
author’s immediate associates. 

Herbert Abraham. 

New York City, July 1, 1918. 
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ASPHALTS AND ALLIED SUBSTANCES 


PART I 

GENERAL CONSIDERATIONS 


CHAPTER I 

HISTORICAL REVIEW 

Origin of the Words “ Asphalt ” and “ Bitumen. ” The term " as¬ 
phalt ” may be traced back to Babylonian times. It was later adopted 
by the Homeric Greeks in the form of the adjective irfaXfc, «, signifying 
“firm,” “stable,” “secure,” and the corresponding verb lau, 

meaning “ to make firm or stable,” “ to secure.” It is a significant fact 
that the first use of asphalt by the ancients was in the nature of a cement 
for securing or joining together various objects, and it thus seems likely 
that the name itself was expressiye of this application. From the Greek, 
the word passed into late Latin, and thence into French (“ asphalte ") 
and English (“ asphalt ”). * 

The expression “ bitumen ” originated in the Sanskrit, where we find 
the word “ jatu-krit,” meaning “ pitch creating,” “ pitch producing ” 
(referring to coniferous or resinous trees). 1 he Latin equivalent is claimed 
by some to be “ gwitfi-men ” (pertaining to pitch), and by others, “pix- 
tumens ” (exuding or bubbling pitch), which was subsequently shortened 
to “ bitfimen,” thence passing via French into English. 

Use of Asphalt by the Sumerians (about 3000 to 2600 B.C.) The 
earliest recorded use of asphalt by the human race was by the pre-Baby¬ 
lonian inhabitants of the Euphrates Valley. These people, known as 
Sumerians, were skilled in carving and decorating stone, as. evidenced by 
the varied and interesting specimens of pottery and statuary unearthed 
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in recent years. In certain of these we find shells or bits of stone cemented 
in place by means of asphalt. 

In 1003-4, Dr. E. J. Banks, while excavating at Adab (known also as Bismya) 
between the Euphrates and Tigris Rivers in Syria, discovered a marble statue of 
Lugal-daudu, King of Adab (Fig. 1), one of the early Sumerian rulers, who lived 
about 3000 b.c. 1 An inscription reveals the name of the city of Adab. The eye- 
sockets are hollow, and still show the presence of asphalt, indicating that they were 
once inlaid with some substance, probably ivory or mother-of-pearl. The statue 
is now on exhibition at the Ottoman Museum in Constantinople/* 



From "The Civilization of Babylonia and Assyria," J. B. I.ippincott Co. 
Fig. 2.—Human-Headed Bull (3000 b.c.) with Shells Inlaid in Asphalt. 


Another statute (Fig. 2) originating about the same time (3000 b.c.) known as 
the “Human Headed Bull,” is eomtiosed of black steatite, inlaid with small yellow 
shells imitating streaks, and held in place with asphalt. Many of the shells are intact, 
gripped firmly by the asphalt throughout fifty centuries of time and exposure, thus 
furnishing evidence of its remarkable adhesiveness and durability. This statue is 
now at the Louvre, Paris.* 

*"The Civilization of Babylonia and Assyria," by Morris Jaatrow Jr., pp. 394-5. J. B. Lip- 
pinoott Co, Phlla., 1915. 

■ "Blamya," by E. J. Banks, p. 191. 

i Fondation Eugtne Plot, "Monuments et M6moires,” by Ernest Leroux Paris Vol. VI 
1899 ; also Vol. VII, 1900. 
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An interesting specimen of Sumerian art was excavated at Lagash, near the mouth 
of the Euphrates, consisting of a sculptured votive offering dating back to Eutemena 
ruler or so-called Patesi ” of Shirpula (2850 n.c.). This beam as an inscription, the 
heraldic device of Lagash, by means of which we are enabled to fix its date and origin. 
The tablet is an artificial composition of clay and asphalt (Fig. 3). It is also on 
exhibition at the Louvre. 1 

The bust of an early Sumerian ruler, Manishtusu, King of Kish (about 2600 n.c.) 
was found in the course of excavations at Susa, in Persia, whence it is supposed to 
have been carried by an Elamite conqueror in the twelfth century n.c.’ In describing 



From "The Civilization of Babylonia and Assyria," J. B. IJppincott Co. 
Fig. 3.—Heraldic Device of Lagash (2850 b.c.) Cast in Asphalt. 


this statue, M. de Morgan states: “the eyes, composed of white limestone, once 
ornamented with black pupils now fallen off, are held in their orbits with the aid of 
bitumen; the face appears rough; the beard and hair are of conventional design; 
as regards the inscription, it is engraved in lineal cuneiform characters of the most 
ancient style. ” (Fig. 4.) The original is at the Louvre. 

Another relic, known as the “Libation Vase” (Fig. 5) is composed of green 
steatite, carved in the form of strange mythical monsters, the effect of which is 
heightened by incrusted little shells set in asphalt, to represent the scaly backs of 

1 Fondation Eugene Piot, “Monuments et Mlmoires," by Ernest I/croux, Paris, Vol. I, 1604. 

* “ Mfonoircs de la Legation cn Perse," published under the direction of M. de Morgan, Vol. II, 
1900, Plato IX; Vol. X, 1908, Plate I, published by Ernest I>eroux, Paris; also CompUs Rsndus 
dt rAcadfmie d'Inscription*, July 1907, pp. 396-9, Figs. 1 and 2, by M. do Morgan. 
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winged serpent*. The serpent was supposed to represent the emblem of the god 
Ningiihsida, to whom the accompanying inscription shows the vase to be dedicated 
by Gudea, ruler or Patesi of Lagash (2500 b.c.). This is considered one of the 
besfc specimens of Sumerian sculpture, and represents the height of Sumerian art 
It is also at the Louvre. 1 



From “The Civilizatiou of Babyiouia and Assyria," J. B I.ippincott Co. 

Fia. 4.—Bust of Manishtusu, King of Kish (2600 a.c.) with Eyes Set in Asphalt. 

Use of Asphalt by the Early Persians (about 2800 to 2600 B.C.). A 
number of specimens of Persian sculpture involving the use of asphalt 
were exacvated at Susa in the province of Susiana, Persia, by M. J. de 
Morgan’s expedition of Paris.* These are in an excellent state of prescr- 

» M DAeouvertes en Chaldee"; also "Catalogue dee AntiquitAa ChaldAennes du MusAe Na-. 
tional du Louvre," by Hensey, Paris, 1902, No. 125. 

*" Mlmoirea— DAidgation en Perae," published under the direction of J. de Morgan, Vol. 
XIII, "RAcherchee ArchAologiquee CinquiAme SArio de 1'Epoque Arohalque," by Edm. Pottier, 
published by Erneet Lerouz, Paris, 1912. 
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ration, and by the inscriptions and characteristic ornamentation are sup- 
phsed to have originated between 2800 and 2500 b.c. 


Fig. 6 shows various small animals carved of alabaster having the eyes cemented 
in place with asphalt; Fig. 7, two decorated vases 
composed wholly of asphalt; and Fig. 8, a sculp¬ 
ture of an animal in primitive form, hewn from 
a mass of asphalt. The French chemist, Henry 
Le Chatelier, analyzed some of the asphalt, and 
found it to consist of the following: 1 

Moisture, 2.8 per cent; asphalt, 24.4 per oent; wax, 

1 0 per rent, mineral matter, 71.2 per cent. The mineral 
matter was composed of. calcium carbonate, 43 2 per cent; 
calcium sulphate, 3.5 per cent, calcium phosphate, 0.8 per 
cent; iron, aluminium and silicon oxides, 21 7 per cent. 

This is conclusive proof that the asphalt is a 
natural product conqioscd of 25 per cent asphalt 
and 75 per cent mineral matter, similar to the 
material obtained in the locality at the present 
day. (See p. 126.) 



From "TheCiviliiation of Babylon!* 
and Assyria," J. M. Lippinrott Co. 
Fio. 5.—Libation Vase Dedicated 
to Gudea, Ruler of Lagash 
(2500 b.c.), Showing Shells Set 
in Asphalt. 


Use of Asphalt by the Early Egyptians 
(about 2500 B.C.). The ancient Egyptians 
used asphalt for preserving their dead rulers, by wrapping the Ixxlics 
in cloth and coating them with liquid or melted asphalt. The remains 
are known as “ mummies,” and at one period this word was syn- 



From "M6moires de I* negation en Periie," by Edm. Puttier. 
Fio. 6.—Early Persian Sculpture with Eyes Set in Asphalt. 


onymous with “ asphalt.” The oldest mummies in existence concern¬ 
ing which we have authentic data, date back to the Sixth Egyptian 
Dynasty (about 2500 b.c.). The oldest specimens include the mummy of 
Seker-em-sa-f, unearthed at Sakkarah in 1881, and exhibited at Otza, 
near Cairo, 9 and the mummy of King MerenrS, now at the Boulak Museum, 
Cairo, 3 

‘"MtaoirM," Vol. XIII. p. 102. 

•“The Mummy," by E. A. Wall!* Budge, pp, 184, Cambridge University Press, IMS, 

*" Natural Rock Asphalts and Bitumens," by Arthur Danby, pp. 41, Ntw York, 1913. 
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Use of Asphalt in Biblical Times (2600 to 1600 B.C.). Some contend 
that Noah used asphalt in the construction of the Ark (Genesis VI, 14). 



The Biblical text reads, that it was 
treated with “ pitch ” within and 
without: “ bituminabis earn bitumi- 
nac ” (Vulgate). There is some 
doubt as to whether this referred to 
asphalt, as pine pitch was known 
at the time, and might very well 
have been used for this purpose. If 
asphalt was actually used, the date 
would be fixed at approximately 2500 


From "Memoir™ de is Dfif«aiion B.c., which is usually assigned to the 

en Per*'," by Rdm. Potter. Deluge. 

Fla. 7.—Persian Vases Hewn from 

Blocks of Asphalt. We find numerous other references in 

the scriptures to substances corresponding 
to what we now know to be asphalt. The Book of (tmesis (XI, 3) in describing 
the building of the Tower of Babel (alxiut 2000 n.c.) states. . . . "and they had 
brick for stone, and slime had they for mortar.” There seems to 1* no question 
but that the so-called “slime” alludes to asphalt, since the word translated as “slime” 
in the English version, occurs as ao<pa\Tot in the Septuagint, and as “bitumen" in 


the Vulgute. In Genesis (XIV, 10) we are informed that the Vale of Siddim "was 



From "M6moire» de la DMgation en Perse,” by Edm. Pettier 

Fig. 8.—Primitive Animal Carved from Asphalt. 


full of slimepiia” referring no doubt to exudations of liquid asphalt. Moreover, it 
is pointed out by certain authorities that the area described as the Vale of Siddim 
corresponds to our present Dead Sea, from which asphalt is still obtained. (See 
p. 135.) 

Again we are told (Exodus II, 3) that in constructing the basket of bulrushes 
in which Moses was placed, it was daubed “with slime and with pitch.” This took 
place about 1500 b.c. (“Septuaginta Interpretes,” Tischendorf). 

Use of Asphalt by the Babylonians (700 to 600 B.C.). The Babylonians 
were well versed in the art of building, and each monarch commemorated 
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his reign and perpetuated his name by constructing some vast, engineering 
work. Certain kings built roadways, others built retaining walls to 
impound the waters of the Euphrates, and still others mighty battlements 
and palaces. The facts were indelibly recorded by inscriptions on the 
bricks used for the purpose, many of which are still in existence. 

The following inscription occurring on the Wricks of the so-called "Sargeon Wall" 
of Babylon, built by King Surgeon who ruled 710 to 705 n.<\, has l>een translated 
by Delitzsch: ‘ 

"To Marduk, the (treat Lord, the divine Creator, who inhabits Ksngila, the 
Lord of Babil, his lord Sargeon, the mighty king, King of the land of Assur, 
King of all, governor of Babil, King of Sumer and Akkad, the nourisher of Ksngila 
and Ezida. To build Inuirg-Bel was his desire; he caused burnt brick of pure 
KirA (?) to lie struck, built a kAr (?) with tar and asphalt on the side of the Ishtar 
(•ate to the bank of the Euphrates in the depth of the w’nter, and founded 
Imgur-Bel and Niinitti-Bol mountain high, firm upon it. This work may Marduk, 
the great Lord, graciously Iwhold, and grant Sargeon, (he prince who cherishes him, 
life! Like the foundation stone of the Sacred City, may the years of his reign 
endure.'' 

This revealed the use of asphalt as a cement for joining together bricks. Modem 
excavations indicate that this method was used quite generally, as will l>e descnl)ed 
in greater detail later. "Imgur-Bel" was the name given to the inner wall of 
Babylon, and "Nimitti-Bel” to the outer. 

Of all the Babylonian rulers, Nebuchadnezzar, who reigned 004 to 501 n.c., was 
the most, progressive, and is stated to have reconstructed the entire city. The 
bricks l>ore inscriptions relating to his work, and several refer sjieeifically to the 
use of asphalt. One found in the so-called "Procession Street" which led from 
his palace to the North wall, reads as follows (Translation by Weissbach, Kolde- 
wey, p. 54): 

" Nebuchadnezzar, King of Babylon, he who made Ksaglin and Kzida glorious, 
son of NalK)|M)las.sur, King of Babylon The streets of Babylon, the Procession 
Street of NabA and Marduk, my lords, which NaisqioluHsur, King of Babylon, the 
father who l>egot me, had made a rood glistening mill asphalt and burnt bricks; 
I, the wise suppliant who fears their lordships, plum] a!>ovc the bitumen and burnt 
bricks, a mighty su|H*rstrueturc of shining dust, made them strong within with 
bitumen mol burnt bricks as a high-lying road. NabA and Marduk, when you 
traverse these streets in joy, may lsmefits for me rest upon your lijw; life for distant 
days, and well-1 >eing for the Iwdy. Before you I will advance upon them. May 
I attain eternal age!" 

This would seem to Ik* the forerunner of the present-day pavement composed 
of stone blocks set in asphalt. It seems strange that the art should have liecome 
lost to mankind, only to lie rediscovered in the nineteenth century A.i). According 
to Nebuchadnezzar, his father, Natopolassar (625-- 604 b.c.) is credited to have laid 
the first asphalt block pavement of which we have any record. 

The most comprehensive relic left by Nebuchadnezzar is known as the "Large 
Inscril)ed Stone Tablet" (sometimes referred to as the "East India House Inscrip- 

1 "The Excavations at Babylon," by Robert Koldewey, pp. 138, Macmillan & Co , Ltd , London, 
1914. 
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lion"), which contains a detailed account of his budding activities A translation 
by Delitzsch reads in part as follows (Column 7, lines 34 ct .see/.): 

“ In Babil, my favorite city that I love, was the palace, the house, the marvel 
of, mankind, the center of the land, the dwelling of majesty, upon the Babil place 
in Babil, from Inigur-Bel to the eastern canal Libil-Higalla; from the bank of the 
Euphrates to Aibursabu, which Nabopolassar, King of Babylon, my father, my 
liegetter, built of crude bricks, and dwelt in it. In consequence of high waters, 
its foundations had become weak, and owing to the filling up of the streets of 
Babil, the gateway of that palace had become too low. I tore down its walls 
of dned brick, and laid its corner-stone bare, and reached the depth of the waters. 
Facing the water, I laid its foundation firmly, and raised it mountain high with 
bitumen and burnt brick. Mighty cedars, I caused to la* laid down at length for its 
roofing. . . . For protection, I built two massive walls of asphalt and brick, 
400 ells beyond Nimitti-Bel Between them I erected a structure of bricks on 
which l built, my kingly dwelling of asphalt and bricks This I surrounded with a 
massive wall of asphalt and burnt bricks, and made upon if. a lofty foundation for 
my royal dwelling of asphalt and burnt bricks.” 

It thus appears that Nebuchadnezzar profited by the experience of his father, 
and instead of building a retaining wal' if dried clay bricks which had failed to 
hold back the Euphrates, due to its lack of waterproof properties, he resorted to 
the use of burnt, bricks and asphalt, as originally practiced by Surgeon, and appa¬ 
rently with satisfactory results. 

Koldewey’s investigations (p. 31) indicate that the method of constructing walls 
in Babylonian times consisted in laying in rotation, first a course of bricks, then 
a layer of asphalt, then a layer of clay and then another course of bricks 'flic 
joints in each course were composed of asphalt and clay. In every fifth course, 
the clay was replaced by a matting of reeds. This matting is now entirely rotted 
and gone, but its impression is clearly recognizable in the asphalt. An attempt to 
separate the courses to prevent adhesion is thus apparent, but the reason is not 
obvious. Only in one locality (Temple of Borsippa) does it appear that asphalt has 
been used m direct contact with the bricks, where they still hold together in a 
firm mass. 

Iti is probable that the asphalt used by the Babylonians was dervied from springs 
similar to the ones still found in Mesopotamia, of which Fig. 9 is a typical example 

Fig. 10 shows the present, appearance of the brick floor of Nebuchadnezzar's 
Throne Hall, Babylon, looking towards the Euphrates. The burnt bricks bearing 
the name of Nebuchadnezzar (of which one is shown in the foreground) were laid 
in asphalt, and are still so firmly jointed together to-day, that it is impossible to 
part them without destroying their integrity. 1 

About 460 B.C. Herodotus of Persia. The Persian Herodotus in 
his “Historiarum,”- published about 450 b.c., refers to several sources of 
Persian asphalt. In describing the springs of the Island of Zante, he 
writes: “ I have myself seen the pitch drawn up out of a lake, and from 
water in Zacynthus; and there are several lakes there; the largest of them 
was 70 ft. every way and 2 orgyoc in depth; into this they let down a 

1 National Geographic Magazine, Feb., 1916, 29, pp. 130 and 151. 

* Volume I, Kiuto, p ll'.l, .in«l ('lio 179, also Volume IV, p 195 
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pole with a myrtle branch fastened to the end, and then drew up the pitch 
adhering to the myrtle: it has the smell of asphalt; but is in other respects 
1 H'tter than the pitch of l’ieria." Herodotus also mentions the fart that 
lumps of asphalt are carried down by the waters of the Is, which discharges 
into the Euphrates at the City of Is, al>out eight days’ journey from Baby¬ 
lon. It is probable that the City of Is referred to by Herodotus oorrc- 



From " I. ik!i! on tin* 01*1 Trufan Pill,” by Prof. A. T. Clay. 

Fk;. 0. - Asphalt Spring m Mesopotamia. 

sponds to the present city of Hit, where bitumen is still found in con¬ 
siderable quantities. (See p. 120.) 

Herodotus also stall’s “ \t Arderieea near Susa is a well which produces three 
different substances, since asphalt, salt and oil are drawn up from it. . . . It as¬ 
sumes these different forms* the a.-ph ,’t and the salt immediately lieeorne solid, 
but the oil the\ collect and the Persians call it Hhadmance; it is black and 
emits a strong odor." At Klam in the province of Susiana in Persia, asphalt is 
still collected in this crude manner Herodotus was the first to descrilie petroleum, 
of which he states an occurrence existed at Kirab, Persia. 

About 130 B.C. Xenophon of Greece. The Creek Xenophon (about 
430 B.c.) in his work “Anabasis” 1 describes a wall built in Media com¬ 
posed of burnt, bricks laid together in hot asphalt as the cementing medium. 
This apparently is similar to the method of construction used at Babylon. 


1 Book II, Chapter IV, Section 12. 
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About 400 B.C.—Hippocrates of Greece. The Greek philosopher and 
physician Hippocrates, in his treatise " On Airs, Waters and Places,” 
refers to several of the asphalt deposits already mentioned. 

• About 360 B.C.—Aristotle of Greece. Aristotle refers to “ Asphalt ” 
in his works 1 and describes the well-known Albanian deposits still found 
on the eastern shore of the Adriatic Sea (see p. 90). 



Copyright by Underwood & Underwood, N. Y. 

Flo. 10.—Floor of Nebuchadnezzar's Temple as it Appears To-day, Showing Blocks 
Joined by Means of Asphalt. 

About 260 B.C.—Hannibal of Carthage. Hannibal, who lived in 
Carthage about 250 B.c., is given the credit of having used asphalt, and 
possibly also mineral oils in compounding the so-called “Greek Fire” 
(“ Ignat Vestre ”). This was used in warfare, and was claimed to burn so 
fiercely that even water would not extinguish it. 

»“De Mirabilibua Auscultationibua,” Chapter CXXVIl, Edition of F. Didot, 1857. 
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About 80 B.C.—Diodorus Siculus of Sicily. The historian Diodorus 
Siculus of Sicily, 1 upon referring to a peculiar manifestation which occurred 
in the Dead Sea, informs us that large masses of asphalt became detached 
from the bottom, and on account of the unusual amount of salt in the 
water, floated to the surface, forming small islands. Diodorus states fur¬ 
ther that Indore the appearance of the asphalt, a very strong odor was 
noticeable which darkened copper, silver and other metals. This was 
undoubtedly the result of volcanic action or eartht|uake shock. He also 
refers to the fact that in constructing the walls of the City of Media, the 
stones were cemented together with asphalt, as previously noted by 
Xenophon. Diodorus states that the natives gather asphalt from the 
Dead Sea and carry it to Egypt where they sell it to those who make a 
profession of embalming bodies, liecause “without the mixture of this 
material with other aromatics, it would lie dillieult for them to preserve 
these for a long time from the corruption to which they are liable.” 

About 30 B.C. Strabo of Greece. Strabo, who also lived about this 
time (30 li.c.), in his book the " (leographica refers to the same mani¬ 
festation, in which the surface of the Dead Sea suddenly became very much 
disturbed and large masses of asphalt floated to the surface. Strabo 
reports that the asphalt which rose to the surface first appeared in a 
molten condition but soon solidified, lie also mentions an occurrence 
of asphalt in Babylon, close to the River Euphrates, probably the same 
as previously described by others. 

About 26 B.C. Marcus Vitruvius of Rome. The architect, Marcus 
Vitruvius, who lived about the time of Christ, also reported the presence 
of asphalt in the neighborhood of Babylon, which lie describes as living of 
a liquid consistency. 1 

We have similar accounts from other writers who lived in the first, 
century, including the Greek Plutarch, 4 Flavius Josephus the Roman/' 
Tacitus of Rome, 1 ' and others. 

About 60 A.D. Dioscorides of Greece. In his book entitled “ Materia 
Medica ” we find an accurate description of the occurrence of asphalt in 
the Dead Sea, referred to by him as /,«/.< .U'p/aifMr.s. 7 lie also describes 
a compound of pitch and asphalt termed “pissasphaltum”* He adds that: 

’“Bibliotheca," Book XVI, Chapter 40. Book I, t II, Chapter XXIX Also "Hist Hmverse," 
Book VI, t XIX, Chapter XXV 

’Volume XVI, Chapters I, II, ami XII, Volume I, Chapter XVI. French translation by 
Cusat, XIV', p 065. 

*“De Architectura,” Volume VIII, Chapter III 

• " Life of Sylla ” 

‘“Jewish Antiquities,” Book I, Chapters IV and XX, also “Jewish Wars," Hook IV. 

•"The Histones," Volume V, p t# 

7 “ Materia Medica,” I, 100, V, 115, XIX, OH, Kuhn l.ipfuae, 1HU0, Saiucen, I.VW 

•"Materia Medica,” 1, 100 
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“the name MUmlii is given to the drug called ‘Bitumen of Judea,’ and to the 
Mftrntu of the tombs found in great quantities in Egypt, and which is nothing more 
than a mixture which the Byzantine Greeks used formerly for embalming their 
dejid, in order that the bodies might remain in the state in which they were buried, 
and experience neither decay nor change Bitumen of Judea is the substance which 
is obtained from the Asphaltite Lake . . 

About 100 A.D. Pliny the Elder of Rome. Pliny the Klder of Home, in 
his treatise “Naturalis Historia” written aliout the year 100 A.n., 1 makes 
the interesting observation that “ Real asphalt must be glossy and black, 
otherwise it is adulterated with pitch." lie thus appears to have under¬ 
stood the difference between asphalt which occurred naturally, and adulter¬ 
ated mixtures containing pine pitch. He notes-' that the Romans were in 
the habit, of coaling their images with asphalt to protect them from the 
weather. This corresponds to the present day use of asphalt paints for sim¬ 
ilar purpose's. Pliny describes the use of asphalt for medicinal purposes 
and recommends it for curing boils, inflammation of the eyes, coughs, 
asthma, blindness, epilepsy, etc. it was sold extensively under the name 
“ Mummy,” and we are informed that the asphalt so used was actually 
scraped from the mummies taken from tombs. Its alleged curative proper¬ 
ties were explained by the fact that it preserved the dead for so many 
centuries. 

About 1300 A.D.-Marco Polo of Venice. Marco Polo at the end of 
the thirteenth century described seepages of liquid asphalt at Baku on 
the Caspian Sea.' 1 He also mentioned the existence of an ancient fire 
temple erected about flaming streams of gas and oil, which we are informed 
constituted a place of Hindoo pilgrimage. 

1636. Discovery of Asphalt in Cuba. In the “ General History of the 
Antilles ” by G. F. Oviedo y Valdes of Spain, published in 1536, we find a 
description of a spring of semi-liquid asphalt in the Province Puerto Prin¬ 
cipe, near the coast, which was used for painting the hulls of ships. An¬ 
other occurrence is mentioned on the shore of Havana harbor, used for 
similar purposes (p. 107). 

1696. Discovery of “ Pitch Lake ” at Trinidad by Sir Walter Raleigh. 

In his took, the “ Discoveries of Guiana,” Sir Walter Raleigh gives a 
record of his voyage of exploration to the east coast of South America 
in 1595, wherein he describes his visit to the Island of Trinidad, and gives 
the first account of the so-called “ Pitch Lake,” (see p. 108). 

1601. First Classification of Bituminous Substances. Andreas Libavius 
refers to the uses of asphalt, and classified it with mineral oil, amber and 
pitch. He endeavored to trace the connection between asphalt and 


i Volume II. 


* Book XXXV. 


* Book I, Chapter III 
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petroleum, ami gives a record of the earliest literature on asphalt including 
the works of I’linv, Dioscorides, Hipocrates and others. 1 

1656. Early Dictionary Definition of "Bitumen." in one of the earliest 
dictionaries of the English language, “ lllount's Glossary," bitumen, is 
defined as: 

"A kind of clay or slime naturally clammy, like pitch, growing in certain countries 
of Asm " 

It is interesting to note the connection between this interpietalion of the 
word, and the reference to "slime" .and " shmepit ” in "Genesis" 
(loc. cit.). 

1661. Commercial Production of Wood Tar. The earliest reference to 
the production of wood tar on a large scale by the dry distillation of wood, 
occurs in Boyle's " Chemistra l-Vcpticus,” ltitil. This industry is said to 
have I Mi'll first practiced in Not way and Sweden. 

1672. First Accurate Description of Persian Asphalt Deposits. Hr. .1, 
Fryer accurately describes the occurrences of asphalt ill the East Indies 
and Persia, in his book " Nine Years’ Travels " (1(172 1(1,SI).- 

1673. Discovery of Elaterite. The first description of Elalerite, origi¬ 
nally found at Casllcton in Derbyshire, England (p 1511), under the 
name “ Elastic Bitumen," is given by Lister in the l'hitmophml Minjininc 
mill Journal of Snriici ■, London, 1(173. 

1681. Discovery of Coal Tarand Coal-tar Pitch. In a patent taken out 
in England on August lit, ltiSl, by Becker and Sctic, entitled "A new way 
of Makeing Pitch, and Tarre out of Pit Conic, never before found out or 
used by any other, 1 ' we find the fit.-l description of coal tar and coal-tar 
pitch, as well as their methods of production. 

1691. Discovery of Illuminating Gas from Coal. Dr. John Clayton, 
dean of Kildare, England, experimented with the iiillammalile gas ob¬ 
tained on heating coal in a closed retort. He filled bladders with this gas 
and demonstrated that it burnt with a luminous flame. 

1694. Discovery of Shale Tar and Shale-tar Pitch. English Patent 
No. 33(1, of 1 entitled " Pitch, 'Par and Oyle. out of a kind of stone from 
Shropshire,” granted to Hancock and Portlock, contains (he earliest record 
of the manufacture of shale tar and shale-tar pitch. 

1712-1730. Discovery of Val de Travers, Limmer and Seyssel Asphalt 
Deposits. The asphalt deposit in the ltd de Travers in the Jura Moun- 

‘•‘Singularium Andrew T.il>n\ 11 . font VIII lihroa hitutmnum it affinum hintnrirc, plivmrv, 
fhymice. de Prtroltis, Amfora, Ilalnaantho, Stitt inn, (j Agate, Atiphaltn, Pimt-aaphnlto, Munna, 
Lithanthrare" Frankfurt, 1001 I’ Kopff 
*P. 318 et sot,. 
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tains, Canton of NewMtel, Switzerland, was discovered by the Greek 
Doctor Eyrinis d’Eyrinis in 1712, and described in detail. 1 

Some give Eyrinis the credit of having likewise discovered the Dimmer 
asphalt deposit near Hanover, Germany, in 1730, but this has not been 
definitely established. A third discovery of asphalt by Eyrinis, in 1735, 
at Seyssel in the Rhone Valley, Department of Ain, France, proved to be 
one of the most important deposits in Europe. This has been worked 
constantly up to the present, time, and will be described later (p. 110). 

1746. Invention of the Process of Refining Coal Tar. < )n August 7, 
1746, a patent was granted in England to Henry Haskins disclosing: "A 
new method for extracting a spirit or oil from tar, and from the same 
process obtaining a very good pitch,” consisting of our present process of 
fractional distillation in a closed retort connected with a worm con¬ 
denser. 

1777. First Exposition of Modem Theory of the Origin of Asphalt. In 

his “Elements dc Mineralogic,” published in 1777 LeSage 2 classified bitu¬ 
mens in the sequence: “ Naphtha, Petroleum, Mineral Pitch, Maltha and 
Asphalt,” and regarded them all as originating from jietrolcum oil. This 
closely conforms to the modern views regarding the classification and origin 
of bitumens. (See p. 55.) 

1788. Discovery of Lignite Tar. Kriinitz in 1788 referred to the pro¬ 
duction of “ a tar-like oil ” upon destructively distillating “ earth coal ” 
(lignite). This was virtually the first description of the manufacture of 
lignite tar. 

1790 1800. Discovery of “Composition” or “Prepared” Roofing. 

Admiral Faxa of Sweden 3 is given credit for having produced the first 
prepared roofings between the years 17f() and ISO!) in the following crude 
manner: the roof boards were first covered with plain paper, which, 
after being nailed in place, was coated with heated wood tar to make it 
waterproof. 

A newspaper published in Leipsir in the year 1791 credits Michael Kag of 
Milhldorf, Bavaria, with having produced an improved form of prepared roofing by 
saturating raw [taper with varnish, and coating tile surfaces with a mineral [loader. 
The product was also recommended as a substitute for leather in the soles of shoes. 

1792-1802. Manufacture of Coal Gas and Coal Tar on a Large Scale. 

Win. Murdoch, of England, was the first to manufacture coal gas and 
coal tar on a large scale. 

> *' Dissertation stir I’asphalte ou ciment nature], decouvert depuis quelques anntfos au Val de 
Travers ” Paris, 1721. 

* Volume II, p 96. 

»E. I.rthmann, "Die Fabrikation der Dachpappe und der A nst rich masse Mr Pappdaoher,” p 1, 
Vienna, Budapest and Leipzig, 1883. 
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1797-1802. Exploitation of Seyssel Asphalt in France. M. Secretan 
obtained a concession from the French Ciovernmcnt to work the asphalt 
deposits at Seyssel on the Rhone, France. The venture, however, did 
not prove a success. The deposit was next taken over by Count (le 
Sassenay, of France, in 18(12, and actively exploited. A laboratory was 
erected to investigate the uses of this asphalt, which wits marketed in 
France under the name " Rock asphalt mastic," and used for surfacing 
doors, bridges and sidewalks, also to a limited extent for waterproofing 
work (sec p. 271). 

1815. Commercial Exploitation of Coal-tar Solvents. In 1815, 
F. ('. Aceum, of England, obtained "naphtha” by subjecting coal 
tar to fractional distillation on a commercial scale. This distillate was 
used in the manufacture of India rubber goods, for burning in o)>en lamps 
and for certain kinds of varnish. The tar which remained behind had no 
particular value and was accordingly consumed as fuel. 

1822. Discovery of Scheererite and Hatchettite. The mineral wax 
Scheererite was discovered in a bed of lignite (brown coal) at Crunch, 
near St. (iallcn in Switzerland, by ( uptain Seheerer, in 18211. In the same 
year the mineral wax hatchettite or hatchetine (p. 78) was dis¬ 
covered on the borders of latch l’ync, in Argyllshire, Scotland, and was 
named after the English chemist, Hatchett. 

1830. Discovery of Paraffin Wax. The discovery of paraffin wax is 
credited to Carl von Reichenbach, of Stuttgart, (lermany, who was the 
first to describe its physical and chemical properties. 1 lie derived the 
material from lignite tar and christened it “ Paraffin ” (Parum Affinis), 
because of its unusual resistance to chemicals. 

1833. Discovery of Ozokerite. The first reference to the mineral wax 
ozokerite (p. 74) was by (Hooker* in Schweitzerisehe Apotheker-Zeitung, 
1833, 69, 215. He discovered it near the town of Slanik in Moldavia, close 
to a deposit of lignite at the foot of the Carpathians. It was named from 
the Greek words signifying " to smell " and “ wax,” in allusion to its odor. 

1836. Asphalt First Used in London for Foot Pavements. In 183(5 
we first hear of Seyssel asphalt Itcing introduced from France to London 
for constructing foot paths. 3 

1837. Publication of First Exhaustive Treatise on the Chemistry of 
Asphalt. The well-known treatise “ Mfimoir sur la composition des 
bitumes " was published by J. B. Boussingault in the year 1837. It 
was the most exhaustive treatise on the subject which had yet appeared. 4 

' J. CMm. phyi., 1830, «», 430. 

i" A System of Mineralogy," by E. S. Dana, p. 998, New ^ ork, 1900. 

* Danby, loc cit, p 54. 

* Ann chxm phy* , 1837 , S4, 141 Translated in "AiiphaU Paving," pp. 107, by the Com¬ 
missioners of Account* of the City of New York, feb 3, 1904. 
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1838. Discovery of Process for Preserving Wood with Coal-tar Creosote. 

In 1838 Bethcll disclosed the use of coal-tar oil for impregnating wood. 1 

1838. Asphalt First Used in the United States for Foot Pavements. 
The earliest, case on record of rock asphalt IHng used in the United States 
for sidewalks is in the portico of the old Merchants' Exchange Building, 
Philadelphia, in 1838. Seyssel asphalt was used for this purpose. 

1842. Discovery of Bituminous Matter in the United States. In 
1842 appeared the first report of an asphalt deposit in the United States. 
It was entitled “ Indurated Bitumen in Cavities of the Trap of the Con¬ 
necticut, Valley.” 2 

1843. Bituminous Matters Discovered in New York State. L. C. 

Beck, in 18-13, wrote a paper on the occurrence of bituminous matter in 
several of the New York limestones and sandstones. :i 

1860. Discovery of “ Asphaltic Coal ” in New Brunswick, Nova 
Scotia. C. T. Jackson published the first account of Nova Scotia “ alber- 
tite ” in the years 1850-1851. It was described as “ Albert Coal.” 1 

1864. First Compressed Asphalt Roadway Laid in Paris. In 1854 a 
short, stretch of compressed rock asphalt roadway was laid in Paris by 
M. Vaudry."' This, we are told, was the outcome of observations previously 
made by a Swiss engineer, M. Merian who in lSIt), noted that fragments 
of rock asphalt that fell from the carts transporting the material from the 
mine at Vat do Travers, to the nearby village, became compressed in 
summer under the wheels into a erode pavement of asphalt. Merian 
thereupon constructed a small experimental stretch of roadway com¬ 
pacted with a roller. 

1868. First Modern Asphalt Pavement Laid in Paris. In 1858, the 
first large area of asphalt roadway was constructed on the Palais Royal in 
Paris. It was composed of a foundation of concrete 6 in. thick surfaced 
with roek asphalt mastic obtained from the Yul de Travers deposit, com¬ 
pressed to a layer about 2 in. tiiiek. This constituted the earliest use of 
sheet asphalt pavement in its modern form. 

1863. Discovery of Grahamite in West Virginia. The first account 
of the West Virginia grahamite dr-posit is given by .1. P. Lesley. 1 ’ The 
material was described as a roek asphalt, but was later named “gra¬ 
hamite” by Henry Wurtz, in honor of the Messrs. Graham, who were 
largely interested in the mine. 

•“Die Chemu* und Teehiiolojtir tier Nntilrliclicn urid KilnHflichcn Asphalto,” by Kohlnr-Crarfe, 
pp. 21 Hniun^i'liwfiK. 1013 

*j (1 IVrnvnl, "Report on the Geology of Connecticut," Am J Set, IS 12, 13, 130 

* Ant. J. Set . is 13, 14, 335 

* Proc. Motion Sue Sat Hut. 1850, pp 270, also Am J Sn. 1850. S. XI, 202; XIII, 276 

‘See "Asphalts," by T H Moorman, pp 11, N Y, 1008 

*proc. Am. Phil Soc., 9, 183 Philadelphia, March 20, 1803 
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1869. The First Compressed Asphalt Pavement in London. The 

first stretell of asphalt roadway in London was laid at Throadnoedlo Street 
near Pinch Lane in May, 1 Stitt. It was con>|>osed of Yal de Travers 
rock asphalt. 1 

1870 6. First Asphalt Roadways in the United States. Some give 
the lielfjium eheinist, Id. ,1. DeSmedt, eredit for having laid the first rock 
asphalt roadway in the Tinted States, contending that in INTO a small 
experimental stretch was laid with continental asphalt opposite the 
City Hall in Newark, X. .1. According to Booiman,- the first pavement of 
any eonsoc|iience in the United States was laid in IS72, at Tinoii Sipiare, 
New York City, composed of Yal de Travels lock asphalt. In INTO, four 
city blocks of Nenchalel asphalt pavement were laid on Pennsylvania 
Avenue, Washington, 1>. ('. 

1879. First Trinidad Asphalt Pavement Laid in the United States. Ac¬ 
cording to Richardson 11 the first sheet asphalt pavement of Trinidad asphalt, 
to be laid in the United States was on Pennsylvania Avenue, Washington, 
1). ('., ill t he year lS7(i. 

1881. Use of Chemicals for Oxidizing Coal Tars and Petroleum 
Asphalts. The first rei/i/i/Wr disclosure of the process for “oxidizing” 
bituminous materials was by lie Sniedt (see p. 2N7). Tins process 
consisted in evaporating coal tar or asphalt in contact with substances 
capable of inducing oxidation (such as potassium permanganate), “ to 
give them greater tenacity and lender them, or the pavement, or other 
compositions in which they enter, less brittle and less liable to be nITcctcd 
by air or water.” (See p. 2N!U 

1885. Discovery of Uintaite (Gilsonitei in Utah. (disunite, first known 
as “uintaite,” was discovered in the 1'inla Valley near poll Duchesne, 
Utah, in 1 SS.”>. It was first desciibed by W. P. Make, 1 and was later 
called "gilsonite,” after Mr. P. II. Gilson, of Halt Lake (’ 1 1y. 

1889. Discovery cf Wurtzilite in Utah. W. P. Make subsequently 
discovered a dejiosil of wurtzilite not far from the source of gilsonite ill 
tile Pinta Valley, Wasatch County, Ptah, between Malt Lake and the 
Valley of the Green River. ' It was named after Dr. Henry Wurlr. of 
New York. 

1891. Exploitation of the Bermudez Asphalt Deposit, Venezuela. 

According to Kbliler-Graefc, 1 ’ the Bermudez asphalt deposit in Venezuela 
was first developed in the year lStll bv the New \ ork-Bcnnudez( 'ompany, 

1 I)nnb>, loo nt , pp fiO 
1 l.oo oil , p 11 

1 “Trinidad am] Hermudo* Lake Aaphalt*." pp 2X Harbor Anphalt Pavmjt (’<» Philadelphia. 

4 Eng Mining J , 40, 4.11 1SH5 
1 Eng Mining J , 4$, 542 IKHfK 
* l.oo nt , pp 34 35 
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and subsequently taken over by the Barber Asphalt Paving Co. A 
search of the literature fails to reveal when this deposit was first discovered. 
The first pavement laid with this material was on Woodward Avenue, 
Detroit, Mich., in 1892. 

1894. Use of Air for Oxidizing Petroleum Asphalt. A further devel¬ 
opment of the De Smedt process for oxidizing petroleum asphalt was 
brought about by P. X. Byerley, of Cleveland, 0., who blew air through 
asphaltic oils maintained at a temperature of 600° F. The resulting 
product, marketed under the name of “ byerlyte,” attained great pop¬ 
ularity. (Sec p. 287.) 



CHAPTER II 

TERMINOLOGY AND CLASSIFICATION OF BITUMINOUS 
SUBSTANCES 

One of the most baffling problems with which we have had to deal in 
recent years is fixing the definitions of the various bituminous substances, 
and the products in which they are used in the arts . 1 

The words “ bitumen,” “ asphalt,” “ resin,” “ tar,” “ pitch,” “ wax,” 
have teen in use for many centuries, most of them long tefore the advent 
of the English language. At first, very little was known regarding the 
properties of these substanes, and, as a result, the early writers used these 
terms loosely, and, in many cases, interchangeably. It is probable that 
each of these words at first related to the aggregate characteristics of some 
typical substance closely associated with the processes of daily life. As 
nothing of the chemistry was known when these terms originated, they 
were, at first differentiated solely by their physical characteristics. 

The words originally had but a limited meaning, but as new sub¬ 
stances were discovered, they were extended in scope until the- various 
expressions completely outgrew their former bounds. This resulted in 
a certain amount of overlapping and ambiguity. 

As the chemistry of these, substances gradually teeamc known, this 
means was likewise adopted to differentiate tetween them, but we are still 
compelled to rely principally upon the physical characteristics, in arriving 
at a rational basis of terminology, as their chemistry has teen unrav¬ 
elled to but a limited extent. 

In defining a substance, we must rely on one or more of the following 
criteria: 

Origin, Solubility, 

Physical Properties, Chemical Composition. 

1 Unfortunately, at the priwcnt lime there ia no uniform or etandard eyetem of nomenclature, 
and no two authorities agree on this suhjeet. si e “Nafuml Asphaituni and ils Compounds, J. W. How* 
ard, Troy, N. Y„ 1804; "Asphalt, Its Occurrence, Composition, Adulterations, and Commercial 

I. ’sea, with Schemes for its Analysis," T. B Stillman, Stcrens Institute Indicator, II, 389, 1904; 

II, 45, 1905; Am. Hoc. Testing Materials, Standards for, 1910; pp. 594, Proe Am. Soe. Testino 
Materials, II, Part I, 594, 1916, V. H Department of Agriculture, Office of Public Roads, Cir- 
cular No. 93, 1911; The Engineering Standards Committee's Report on "British Standard Nomen- 
clature of Tars. Pitches, Bitumens, and Asphalts, when uacd for Road Purposes," London, April, 
1016; "The Modern Asphalt Pavement," by Clifford Richardson, pp. Ill, New York, 1908; "Th* 
Classification of Bituminous and Resinous Substances," by Herbert Abraham, /. Ini. Eng. Chtm., 
I, 11, 1913. 


19 



20 


ASPHALTS AND ALLIED SUBSTANCES 


The last three can be more or less readily ascertained from an 
examination of the substance itself. The origin, however, is not always 
apparent, but in certain cases may be deduced by inference, upon in¬ 
vestigating the physical properties, solubility and composition of the 
substance under consideration. To base a definition solely upon a state¬ 
ment of the origin of a substance would necessitate some prior knowledge 
concerning its source or mode of production. As such knowledge is not 
always available, a definition of this kind would be very limited in its 
scope. Unfortunately, this plan lias often been followed by many of the 
leading technical societies in this country and abroad, in fixing the defi¬ 
nitions of bituminous substances. 

A far better method consists m basing the definition upon the inherent 
characteristics of the substance, so as to permit of its identification with¬ 
out necessarily having prior knowledge concerning its origin. 

The four cardinal features forming this latter basis of nomenclature 
may be further elaborated as follows: 


Origin 


Physical 

Properties 


N lit! VO 


TABLE I 

Mineral 

Vegetable 

Anunnl 


Pvrogcnous 


Evaporation (fractional (listillation) 
Destructive distillation 
Heating in li closed vessel 
Blowing with air 


Color in Mass 


Light (white, yellow or brown) 
Dark (black) 


Consist cjicv 
or Hardness 


Liquid 
\ iscous 
Semi-solid 
Solid 


Fracturo 


Oonrhoidal 

Hackly 


Lustre 


Feel 


[ Waxy 
j Hesmoua 
( Dull 

Adherent 
Non-adherent 
Ibictuous (waxy) 


Volatility 


f Oily (petroleum-1 ike) 
\ Tarry 

I Volatile 
\ Non-volatile 


Fusibility 


Fusible 

Difficultly fusible 

Infusible (melts only with decomposition) 
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T.\Bli: I -CWiiiii.iI 

{ Non-mineral constituents m carbon disulphide 

Distillate at 300 to 350° C\ an sulphuric acid lie, " sulphonation rcaidue") 

j Hydrocarbons (compound* containing carbon mid hydrogen) 
i Oxygenated bodies (coni|Ktund* containing curbon, hydrogen, and oxygen) 
j C'r\«tulluable paraffines (i r\-t dlue at low toni|M*raturea) 
l Mineral matter iiuorgaiut substances). 

In Table Ii on p. 22 the principal types of bituminous substances 
are classified according to the features enumerated in Table 1. 

The definitions which follow are based upon this classification. 
Although reference is made to the origin of the substance, nevertheless, 
this i- lull incidental, and with the exception of the generic terms, the 
definitions would lie explicit even though this feature were omitted. 

Bituminous Substances. 1 A class of native mid pyrogenmls- substances 
containing bitumens or pyrobitumens, or resembling them in their 
physical pro|HTties. 

Non: This definition im-hntis l.iiumeus, pvrnliihimens, pvrogenems ilislillntPR 
(pviugciimia v axes amt tars) ami |i\rogenous liMilue* ipileliis anil pirogennuH asplialtn). 

Bitumen.’ 1 A generic term applied to native substances of variable 
color, hardness and volatility; composed of hydrocarbons substantially 
free from oxygenated bodies; sometimes associated with mineral matter, 
the non-mineral constituents being fusible and largely soluble in carbon 
disulphide; and wlio-e distillate tract lulled between 200 and 2f)()° C. 
yields consult ruble sidplimmtwn risuluc. 

Noli, This definition metildes pelloleunis, native asphalts, native mineral waxes 
ami axphaltltes 

Pyrobitumen. 1 A generic term, applied to native substances of dark 
color, comparatively bard and nun-\olalile; composed of hydrocarbons, 
which may or may not contain oxvgenaled bodies; sometimes associated 
will] mineral matter, the non-tnincral constituents being infusible and 
relatively insoluble in carbon disulphide'. 

'Tin* mnpr of the word “bituminous" ■ « b e»e d on tin* rotumnnlv accepted interpretation of 
tin. Hufhx "ous," signifying tl) to mill.no. t-’t t<• r< »c ruble, lo partake of tin* nature, to have 
l(,e qualities (eg, m1i<i»ux i oiitaitiing '■iln i or r< -< milling «iliea, r<»iiun<<i containing or resembling 
rein, oieugitieus containing or r«'« ntJtling oil . ib a recti'. containing or reHenibling lime) Simi¬ 
larly, the word "bituminous" it con-tru--I to >h<lu<|e substances. cither containing mom or Imi 
bitumen (or p\rohitumen), or else re-mbling them in tin ir appuiraiire or qualities 

‘The expression “pyrogenout" unpin t tint the suhstai.ee was produced by means of heat 
or fire 

1 The interpretation of the term ••bitumen’* as employed m this treatise is entirely disassociated 
from the idea of solubility fin certain -advents f<>r hydrocarbons), and has no connection whatsoever 
with the inappropriate expression “total bitumen,” used in many contemporary text-books to 
designate the amount soluble in carbon disulphide, and which unfortunately is larg.lv responsible for 
the existing confusion in the- terminology 

* The expression ‘pyrobitumen" implies that the substance whe n subjected to heat or fire will 
generate, or become transformed into b.sbcs n s« milling bitumens (m then solubility and physical 
pro|M rticsi 


Solubility 

Ch ennral 
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Note. This definition includes the asphaltic and nnn-asphaltir pyrohitiunens, and 
their respective shalca. 

I Petroleum. A species of bitumen, of variable color, liquid consistency, 
Having a characteristic odor; comparatively volatile; compost'd of hyduo- 
carlxms, substantially free from oxygenated bodies; soluble in carlxin 
disulphide; and whose distillate fraetioned lad ween 300 and 350° 
yields consiilertible sulphonnlion residue. 

Note. This definition includes non-asphaltic, mixed-base and asphaltic petroleums. 
t Mineral Wax. A term applied to a speeit's of bitumen, also to certain 
pyrogenoiis substances; of variable color, viscous to solid consistency; 
'having a characteristic lustre and uuduaus feel: comparatively non-volatile; 
'composed of hydrocarbons, substantially free from oxygenated Ixxlies; 
containing considerable cri/stalluuble paraffines; sometimes associated 
'with mineral matter, the non-mineral constituents being easily fusible and 
soluble in carbon disulphide. 

, Note. This definition is applied to native mineral waxes and pymgenoiis waxes. 
Native mineral waxes include o/ofierite, lnontiin wax, etc. Pyrogenous waxes include 
the solid paraffines separated from iion-asphaltie and luixed-lmxe jxdroleums, jxeit 
tar, lignite tar and shale tar 

Asphalt. A term applied to a species of bitumen, also to certain pyro- 
genous substances of dark color, variable hardness, comparatively non¬ 
volatile; composed of hydrocarbons, substantially free from oxygenated 
bodies; containing relatively little to no crystallizable paraffines; some¬ 
times associated with mineral matter, the non-mineral constituents being 
fusible, and largely soluble in carbon disulphide; and whose distillate 
fraetioned between 3(X) and 350° yields considerable sulphonnlion 
residue. 

Note. This definition is applied to native asphalts and pyrogenous asphalts. 
Native asphalts include asphalts occurring naturally in a pure of fairly pure state, also 
asphalts associated naturally with a substantia! pro|xirtioii of mineral matter. 1 I’yro- 
genous asphalts include residues obtained from the distillation, blowing, etc, of petro¬ 
leums (eg., residual oil, blown asphalts, residual asphalts, sludge asphalt, etc.), also 
from the pyrogenous treatment of wurtzilite (e.g., wurtzilite asphalt). 

Asphaltite. A species of bitumen, including dark colored, compara¬ 
tively hard and non-volatile solids; composed of hydrocarlxins, substan¬ 
tially free from oxygenated Ixxlies and crystallizable paraffines; sometimes 
associated with mineral matter, the non-mineral constituents boiniz difficultly 
fusible, and largely soluble in carbon disulphide; and whose distillate 
fraetioned Ixjtween 300 and 350° (yields considerable sulphonaiitm residue. 

Note. This definition includes gilsonite, glance pitch, and grahamitc. 

1 Often termed "rock asphalt* ” 
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Asphaltic Pyrobitumen. A species of pyrobitumen, including daik 
colored, comparatively hard and non-volatile solids; composed of hydro¬ 
carbons, substantially free from oxygenated bodies', sometimes associated 
with mineral matter, the non-mineral constituents being infusible and 
largely insoluble in carbon disulphide. 

Note. This definition includes elaterite, wurtzilite, albertite, impsonite and the 
asphaltic pyrobituminous shales. 

Non-asphaltic Pyrobitumen. A species of pyrobitumen, including 
dark-colored, comparatively hard and non-volatile solids; composed of 
hydrocarbons, containing oxygenated bodies', sometimes associated with 
mineral matter, the non-mineral constituents being infusible, and largely 
insoluble in carbon disulphide. 

Note. This definition includes peat, lignite, cannei coal, bituminous coal, anthra¬ 
cite coal, and the non-asphaltic pyrobituminous shales. 

Tar. A term applied to pyrogenous distillates of dark color, liquid 
consistency; having a characteristic odor; comparatively volatile; of 
variable composition, sometimes associated with carbonaceous matter, 
the non-earbonaceous constituents being largely soluble in carbon disul¬ 
phide; and whose distillate fractioned between 300 and 350° C., yields 
comparatively little sulphonation residue. 

Note. This definition includes the volatile oily decomposition products obtained 
from the pyrogenous treatment of petroleum (water-gas tar anti oil-gas tar), bones 
(bone tar), wood and roots of conifers' (pine tar), hardwoods, such as oak, maple, 
birch, and beech (hardwood tar), peat (peat tar), lignite (lignite tar), bituminous coal 
(gas-works coal-tar, coke-oven coal-tar, blast-furnace coal-tar, producer-gas coal-tar, 
etc.), and pyrobituminous shales (shale tar). 

Pitch. A term applied to pyrogenous residues, of dark color, viscous ■ 
to solid consistency; comparatively non-volatile, fusible; of variable 
composition; sometimes associated with carbonaceous matter, the non- 
carbonaceous constituents being largely soluble in carbon disulphide; 
and whose distillate fractioned between 300 and 350° C. yields com¬ 
paratively little sulphonation residue. 

Nora. This definition includes residues obtained from the. distillation of tars 
(oil-gas-tar pitch, water-gas-tar pitch, bone-tar pitch, wood-tar pitch, peat-tar pitch, 
lignite-tar pitch, gas-works coal-tar pitch, coke-oven coal-tar pitch, blast-furnace coal- 
tar pitch, producer-gas coal-tar pitch, and shale-tar pitch); also from the distillation of 
fusible organic substances, the process having been terminated before the formation 
of coke (rosin pitch and fatty-acid pitch). 

It will be noted that the terms "mineral wax” and "asphalt” are each applied 
indiscriminately to native and pyrogenous substances. This is due to the fact that 
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k the present time it >9 practically impossible to distinguish between certain native 
id pyrogenous asphalts or mineral waxes, either by physical or chemical means. It 
probable that some method may be discovered for accomplishing this, in which 
rent it would be of decided advantage to frame separate definitions to distinguish 
stween native and pyrogenous substances respectively. With the knowledge avail- 
ale at present, however, this cannot readily be accomplished. We must be content, 
lerefore to apply the term “asphalt” and “mineral wax” both to native substances 
ad to manufactured (pyrogenous) products. 

In many of the early classifications, natural gas and marsh gas were included 
jrithin the scope of the term “bitumen.” As this stretches the meaning to an 
ibnormal extent, the author deems it inadvisable to include natural gases in the 
definitions and classification given in this book. 

The term “maltha,” frequently found in contemporary classifications to desig¬ 
nate the softer varieties of native asphalt, has been omitted for the sake of brevity. 

The preceding definitions enable us to arrive at the following classi¬ 
fication of bituminous substances, in which are included the most impor¬ 
tant members recognized commercially 
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CHAPTER III 

CHEMISTRY OF BITUMINOUS SUBSTANCES 

STRUCTURAL FORMULAS OF THE MOST IMPORTANT PURE 
CHEMICAL SUBSTANCES PRESENT IN BITUMINOUS 
COMPLEXES 

Bituminous substances are complex mixtures of chemical compounds containing 
the elements carton and hydrogen in varying proportions and combined in differ¬ 
ent ways. . These compounds may also contain the elements oxygen, sulphur, and 
nitrogen. Certain bituminous substances and especially those found in nature, con¬ 
tain more or less extraneous mineral matter. Carbon and hydrogen, however, are 
present in the chemical compounds contained in all types of bituminous substances. 
These two elements have the properties of forming a l>ewildering number of com¬ 
binations -in fact more than any other two elements. Substances composed of car¬ 
bon and hydrogen are termed “ hydrocarbons.” 

Each element has the power of combining with other elements in certain def¬ 
inite ratios. The combining power of the element hydrogen is taken as unity, 
and it is therefore said to have a “valency” of 1. Oxygen is capable of com¬ 
bining with 2 atoms of hydrogen, forming a molecule of water (HsO), and therefore 
has a valency of 2. Similarly, carton can combine with four atoms of hydrogen, 
and has a valency of 4. These valencies may to pictured mentally as bonds or 
joinings, holding the elements together. For the sake of convenience, they are 
represented graphically by dashes, thus: 

H—; 0— or — 0— ; C= or =C= or —C—,. 

1 

Carbon atoms, moreover, have the property of uniting with one another. When 
but two carton atoms combine, the union may occur in three ways: 

(1) Two carbon atoms may unite with a single valency joining them together, 
!c :ving three free valencies for each carton atom, or a total of six, illustrated as follows: 

=C-G=; simplified as —C==. 

(2) The carton atoms may to bonded together with two valencies, leaving four 
free vJencies, thus: 

=C— =C=; simplified as =C=C=. 

(3) The carton atoms may to joined together by three valencies, leaving but 
two uncombined valencies, thus: 

—==C—; simplified as —C=C—. 

28 
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The free valencies may unite with hydrogen atoms or other carbon atoms, 
forming an endless number of combinations, and constituting a series of hydrocarbons, 
thus: 


II H 

H-C-C-H 

1 1 

H 11 II 

H-i-C-A-H 

1 I 1 

H H H H 

H—C—0—C—('—H etc. 

i i i i 

^ li 

I 1 1 

II II 11 

I 1 f 1 

H It II H 

CiHi Ethane 
(CHiCHi) 

C,H, Propane 
(CH.ClICHj) 

C,H„ Butane 
(CII.-CH (’ll CH,) 

H ^>C=i—H 

w 

H II 

H \ 1 i 

>C=C-C-H 
\V 1 

II 

II H H 

C—H etc. 

w \ \ 

II H 

CtH« Ethv’ene 
(CH,: CH,) 

(',11, Pn.pvlene 
(CH, : ('ll CH,) 

C,H, Butvlene 
(C11, : CH ('ll, CH,) 


H 

11 H 

H—CSC—H 

H—CSC—C—H 

I 

| j 

H-CSC_C_C_H etc. 

1 1 


1 

11 

II II 

Call? Acetylene 
(CH •: CH) 

(MI, AHvlene 
(CH ; (Sen,) 

C\H» Ethyl icetvlene 
(C H : C-CHa (’Hi) 


These are termed "open chain hydrocarbons,” liecnuse all the rnrlion atoms 
are connected together in a straight line The first three examples, ethane, pro¬ 
pane, and butane, are said to lie meml>crs of a saturated series Itecaura no two 
carl ions are held together by more than one valency, or in other words, all the 
carbon atoms are "saturated” or combined with hydrogen. This particular series 
of hydrocarbons has been named "paraffines,” because the various members arc 
ordinarily found in paraffinaceous petroleum and paraffine wax. In each meinlier 
there exists a definite ratio between the mimtor of carbon and hydrogen atoms 
respectively. For each atom of earl ion present, we find two more than twice as 
many of hydrogen atoms. The paraffine series is accordingly represented by the 
general formula CnHtn+t b which n may range from 1 in the lowest member 
CH«, to as high as GO in CeoIIm- 

The three substances, ethylene, propylene, and butylene, similarly belong to 
an open chain series of hydrocarlwns known as the "olefines” having the general 
formula CnHj n - Since all the carlxin valencies are not combined or satiated with 
hydrogen, this series is known as an "unsaturated” one. 

The three substances, acetylene, allylene, and ethyl acetylene belong to the 
unsaturated "acetylene series” represented by the general formula The 

acetylene series is obviously more unsaturated than the olefines, Similarly, we 
have the diolefine series which has the same general formula as the acetylenes, 
namely C n H Jn -j, but which is distinguished from the latter by having two double- 
bonded carbon groups instead of one triple-bonded group. These will be described 
in greater detail later. 
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The olefinacetylene series (also known as the valylenc series) is represented 
by the general formula C n H 2 n - 4 , characterized by the presence of both doubly- 
and triply-bonded carbon groups. 

The next higher series of unsaturated open chain hydrocarbons is known as 
thd diacetylene series CqHjd-*, characterized by two triply-bonded carbon groups. 

Following these we have the C n H 2n -*, C n H 2n -io, and the C n H,n-i* series in the 
order mentioned. All of these are found in petroleum. It is highly probable that 
hydrocarbon series of still higher order exist in bituminous substances, but no 
means have as yet been devised to isolate them. 

It should be lx>rne in mind that two or more substances may have the same 
numlx»r of carlxm and hydrogen atoms, and yet be constituted differently struc¬ 
turally. Thus, the substance butane, C 4 II 10 may exist in two possible forms, 
termed “isomers.” These include “normal butane” shown above, and the so- 
called “isobutane” also known as “trimcthylmethane,” shown diagraimnatically as 
follows: 



Isobutane or Trimcthylmethane 

CHi-CII(CH,), 


In a similar manner, the substance “butylene” may occur in three isomers, 
all having the same general formula C 4 HH, as follows: 


Butylene OH 2 : CH CH.-OIL as shown above; 

Pseudobutylcne CHj-CII : CH Cll.,; and 
Isobutylene C1I 2 : CfCHOa 

Similarly, ethylaeetylene (crotonylene), C<H«, occurs in another isomeric form, 
dimethylacetylene, CHj-C I C-CH 3 . 

In addition to the open-chain hydrocarbons, there occur “cyclic” or “ring” 
hydrocarbons in which the carbon atoms are joined together in a circle, in both 
the saturated and unsaturated forms. The saturated cyclic hydrocarbons are known 
as “polymethylenes.” These may in turn be divided into two classes, namely, 
those consisting of but one ring or cycle, and those consisting of more than one 
ring or cycle. The former are termed “naphthenes” or “monocyclic polymcthyl- 
enes,” and the latter “polycyclic polymcthylenes.” The polycyclic j>o!ymethylenes 
may l>c further grouped into dicyclic polymethylenes, tricyclic polymcthylenes, etc. 
Unsaturated cyclic hydrocarbons are grou|>cd into monocyclic and polycyclic series 
known as “cyclic olefines,” “terpenes,” “benzenes,” etc. 

We will now consider the individual hydrocarbon series: 


OPEN CHAIN HYDROCARBONS 

CnlLn + j SERIES—Saturated—SINGLE BONDS—“PARAFFINES” 

The various members of this series are shown in Table IV on p. 31: 

As already stated, butane has two isomers, similarly pentane occurs in three 
isomers, hexane in six, heptane in nine, octane in eighteen, and finally tridecane 
in 802 isomers. It follows therefore that as we ascend the scale, the number of 
possible isomers increases rapidly. 
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TABLE IV—CnHm+i 8ERIE9—"PARAFFINES—SATURATED—SINGLE RONDS 


Name. 

Formula. 

Melting- 
point, 
Dig C 

Boiling- 

point, 

Deg 0.. 

Goseoun 



At 760 mm. 

Methane. 

CH« . 

-18 6 

-165 





Propane. 

CHI, CH. CH. CH. 

-m 

- 45 

Normal Butane . 

C«Hio C1U CHi CHi CH» 

-134 

4 1 

Tnmethyl Methane . 

C.Hw CH» CIHCHi), 


- 17 

Liquid 




Normal Pentane . 

C.H» CHi (CH.)» ClI. 


t :m 

Dimethyl-ethyl Methane 

C.H.i CH. CH. CHtCH.)t 


4 30 

Tetramethyl Methane 

C»lli» C(CH»)« 


t 10 

Normal Hexane. 

C.Hw CH. tCHib Cm 


1 69 

Methyl-diethyl Methane 

C.Hw CHi*(C|H»)tCH 


1 64 

Dimethyl-propyl Methane. 

C.Hh CHi(CHjVCH«'Hi'i 


f <12 

Di-isopropyl 

C.Hw (CHil, tnn*(CH.U 


i • 58 

Truncthyl-ethyl Methane . 

! C.Hw CH. CH. C(CHiti 


f 45 

Heptane 

CtIIii 


4 08 

Oetane. 

(Mli- 


125 

Nonane 

c,h*> 

- 51 

150 

Deeane 

C.«H„ 

- 31 

173 

Undocanc 

('.ills. 

- 2(1 

105 

Dodecane 

Culls 

- 12 

214 

Trideeane . . 

Cull* 

- 6 

234 

Tetradeeanc 

! c..n» 

l- 5 

252 

Pentadeeane . 

. Cull a 

10 

270 

Hexadecane. 

C».H«* 

18 

287 

Heptadeeane. 

CuIIm 

22 

303 

Solid 




Oetodeeane 

C„Hm 

28 

317 

Nonnderane 

C,.H«» 

32 

330 




At 14 mm. 

Kiooaane 

C»Hi* 

37 

205 

Heneieoaane 

Ct,H44 

40 

215 

Doeoauno 

C«H,« 

41 

225 

Trieosane 

(’sail.* 

48 

234 

Tetraeonane 

Cullw 

51 

213 

Pentacoaane 

C»Hkj 

5.1 


Ilexacosane 

CmIIm 

m 


Hcptaeoaane. 

C,,H* 

58 

270 

Octoeosane 

C*IU 

60 


Nonoeoanno. 

CmIIm 

<12 


Trioeontano 

C»H« 

<14 


Hentriocontane. . . 

C'hIIm 

66 

302 

Dotnacontane 

C«1U 

68 

310 

Tritriacontanc. 

Callw 

70 


Tetratrieontane . 

CaHm 

72 


Pentatriaeontano 

Call., 

75 

331 

Dimyriey! . . 

Ctolluj 

102 



The specific gravity, toiling- ami melting-points increase with the molecular 
weight. In the case of isomers, those of normal structure have the highest boiling- 
points. The higher members arc volatile without decomposition only under reduced 
pressure. The same general rules hold true with other hydrocarbon series. 

The gaseous members of the paraffine series arc found in marsh gas, natural 
gas and coal gas. The liquid memtors are associated together in certaip form* of 
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petroleum, auch as Pennsylvania petroleum. The solid members occur in ozokerite 
and the various types of paraffine wax. 

paraffinaceous petroleum is composed of a mixture of the individual members 
of the paraffine series in varying proportions. It is a difficult matter to isolate 
the individual hydrocarbons in their pure state. For commercial purposes, petro¬ 
leum is separated by distillation into various liquids or solids sold under the trade 
names of gasolene, benzine, naphtha, kerosene, lubricating oil, paraffine oil, paraf¬ 
fine wax, petroleum asphalt, etc. Each of these consists of complex mixtures of 
the individual hydrocarbons in indefinite proportions. 

Paraffine wax contains solid hydrocarbons of high boiling-point (about 300° C.), 
and oiokerite solid hydrocarbons ranging from CmH» upward. 

CnHm Series—Unsatorated—One Dooble Bond—“Olefines” 

The well-known members of this series are shown in the following table: 

TABLE V.—CnHm SERIES—"OLEFINES"—UNSATURATED—ONE DOUBLE BOND 


Name. 

Formula. 

Melting- 

point. 

Deg. C. 

Boiling- 

point. 

Deg. C. 

Qateous: 



at 760 mm. 


CiH« CH. : CHi. 






-50 

Butylene. 

C\H. 



CiH» CH : CH*. 



Sym. Dimethyl-ethylene. 

CHi CH : CH-CHi.... 


+ 1 


(CH.)iC : CI1». 



Liquid: 



Amylene. 

C’tH.o 



Norm, propyl-ethylene ... 

CHi (CHi)»CH : CHj 


+39 

Iaopropyl-ethylene.. . 

(CH,), CH CH : CH*. . 


+20 

Sym. Methyl-ethyl-ethylene . . . 

CH. CH : CH C.H. . 


36 

Unsym. Mcthyl-cthyl-cthylene . 

(CH»)(C*H.)C : CH*. 


31 

Trimethyl-ethylcno. 

(CHi).C : CH(CHi). 


36 

Hexylene (n). 

C.H,». 


69 

Heptylene. 

CrHu. 


95 

Oetylene. 

C.Hu. 


122 


C»Hi*. 











Dodeeylene. 

Ci,H m . 

-31 

213 




233 

. 

Tetradecylene. 

CuH*t. 

-12 

Hexadecylene. 

CuHn. 

+ 4 

275 

Heptadecylene. 

CuHm. 

+ 12 




+ 18 



CtsHw. 

314 

Solid: 




Cerotene. 

C«H M . 

+58 


Melene. 

CbH*o. 

+62 

375 


These are present in American petroleums in very small amounts. Certain 
members have been identified in Canadian petroleums, also in shale oil. The higher 
members of the olefine series occur in isomeric forms in the same way as the paraffines. 
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C&Hin-i Series—Unsatubated—One Triple Bond — 11 Acetylene*" 

The best knows members of this series are included in the following table: 


TABLE VI,—CaHm-i SERIES—“ACETYLENES"—UNSATURATED—ONE TRIPLE 
BOND ' 


Name. 

Formula. 

Roiling- 

point, 

Deg. C. 

Qattous: 

C 1 H 1 CH : CH 




Liquid: 


rr 

18 

Ethyl-acetylene. 

C.H. CiH* C * CH . 

Methyl-ethyl-acetylene . 

C»H, CH.C!CC,H,. 

u 

Normal-propyl-aeetylene 

fill* CHi CH, CH, C ‘ CH.... 

48 

Isopropyl-acetylene . 

Calls (Clli>iCH C > CH 

28 

Methyl-n-propyl-acetylene 

Call io CH.-C • C-(CII»>iCHi . . .. 

84 


The lower members have not been identified in any petroleums, although several 
ol the higher members are found in Texas, Louisians, and Ohio oils, and are also 
present in coal tar. 

CbHib -1 Series—Unsatorated —Two Double Bonds—“Diolehnes" 

The more important members of this scries are shown in Table VII. 

TABLE VII—CnH.»-i SERIES—“DIOLEFINES"—UNSATORATED—TWO DOUBLE 

BONDS 


Name. 

Formula. 

Rolling- 
point , 
Deg. C. 

Allylene (Propadifcne). 

CHi : C : CH*. 

Qu 

Divinyl (Erythrene). . ... 

CH, :CH CH : CH,. 

- 8 

Piperylene (a-Methylbutadifnn).. . 

CH, : CH CH : CH CH. 

42 

Iaoprene (/»-Methylbutadi*ne). 

CH, :CH C(CH.) : CH, , ... 

88 

Di-iaopropenyl. 

CH, : C(CH») C(CHi) : CH,. 

71 

l-l-3-Triroethylbutadi6ne. 

(CII*)«C : CH ’C(CHi) : CH,. 

08 

Diallyl. 

CH, :CH CH, CH, CH : CH,. 

80 

2-&-Dimethyl-l-S-heiadi(ne. 

CH, : C(CH» -CHi-CHiC(CHi) : CH. 

137 

l-l-5-Trimethyl-l-5-hexadi£ne. 

(CH«)iC : CH CH, CH, C(CHi) : CH* 

141 

Conylene . 

CH, :CH CH, CH : CH CH, CH, CH. 

126 


These occur in tars and certain petroleums. 

CaHio-, Series—Unsatubated—One Double and One Triple Bond— 

" Olepinacettlenes” 

Individual members of this series hare been identified in Ohio petroleum, also 
also in certain types of California petroleum. 

CaHn-i Series—Unsaturated—Three Double Bonds — 1 ' Poltolepines" 

To this series belong the hydrocarbons known as “terpenes,” none of which 
ia preeent to any appreciable extent in bitumens, tan, or pitches. 
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CiHia-i tatna—U hiatoutm—T wo Triple Bomb*—'“D iACHrourai 1 ' 

This series is alio relatively unimportant, and include! diacetylene, H C : C'C i 
CH, dipropargyl, CH i C CH1CH1C ! CH (alao known aa hexadine), dimethyldi- 
aeetylene, CH,C i C-C : C CH,, etc. 


CYCLIC HYDROCARBONS 

CaBu Series—Saturated—Single Bonds—Monocyclic—“ Naphthenes” also 
Called "Cyclopabawines” or "Polymethylenes.” 

The following constitute the more important members of the naphthenes: 


TABLE VHI.—CnH.n—SERIES—"NAPHTHENES" OR “CYCLOPARAFFINES" OR 
"POLYMETHYLENES"—MONOCYCLIC—SATURATED—SINGLE BONDS 


Name. 

Formula. 

Melting- 

point, 

Deg. C. 

Boiling- 

point, 

Deg. C. 

Cyclopropane (Trimethylene) .. .. 

/CH* 

ch/ | 

X CH* 

-126 

-35 

Methylcyclopropane. 

/CH* 

CH*—CH | 


+ 4 

Nun 


Dimethyl-l-l-cyclopropano 

CHk /C Hi 

X 1 

CHS X CH* 


21 

Trimethyl-1-1-2-cyclopropane 

CHk ' /CH CH. 

/ C \ 1 


58 

CH/ XHi 



/CHCHi 



Trimethyl-l-2-3-cyclopropann. 

CH,—CH J 

\)HCHi 


65 

Cyolobutane (Tetramethylrne). . . 

CHr-CH, 

1 1 

CHi-CHi 

Below —80 

11 


CH.-CH —CHi 
| | 


40 


CH»—CHi 



CiH* CH —CH* 

| | 


72 


CHr-CH* 



/C.H. 

CH*—Oil—CH\ 

| 1 X C*H» 

CH*—CH* 


153 


- 

Cyc'openUne (Pentamethylene). 

CH*—CHk 

1 >CH. 

CH* —CH,’ 

Below —80 

50 
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Name. 


Methylcyclopcntane, 


Di methyl-1-1-cyclopentane 


Pi mcthyl-1-2-cyclopentano. 


Dimethyl-l-3-cydopentaue, 


Methyl-1 -othyl-2-cyclopc ntanc 


Mcthy 1-1 -cthy 1-3-cyclopentane 


Cyclohexane (Hexamethylene) 


Mcthylcyclohexane... . 


Dimethyl-l-l-cydohexane, 


Di methyl-1-2-cyclohexane. 


Dimethyl-l-3-cyclobexane. 


Dimethyl-l-4-cyclohexane. 

Ethylcyclohexane. 
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TABLE VIII— Continued. 


Melting- Boiling- 

Name. Formula. point, point, 

Deg. C. Deg. C. 


TrimethyI-l-l-3-cyrlohexano. 

CHk 

;c CHt—CH -CH* 

ch/ 1 


137 

Trimethyl-l-2-4-cyelohexane. 

CH*—CII*—CH, 

CH* CH* 

CH —CH —CH* 

1 


143 

Trimethyl-I-3-5-cylcohexane. 

CH*—CH*—CH—CH. 

CH*—CH —CHr-CH— CHj 

1 1 

CH*—CH —CH* 


138 

Methyl-l-ethyl-2-cyclohoxane . 

CH. 

CH. C*H, 

CH —CH —CH, 

1 


151 

Methyl-l-ethyl-3-cyclohexane 

CH*—CHt—CH* 

CH*—CH —CH*—CH—C.H* 

1 1 


149 

Methyl-l-etl>yl-4-cyclohexane 

CH*—CH*—CH, 

CH*—CH — CH*—CH, 

1 1 


150 


CH,—CH,—CH— CtH* 

C,H 7 —CH -CHr-CH, 

| | 


153 

Methyl-1 -Nopropy 1-4-oy elohexane 

CH*—CH*—CH, 

CHr-CH —CHr-CH, 

| | 


169 

Methyl-l-ethyl-3-i*opropyI-4-cyclo- 
hexane. 

' CHr-CHr-CH—C,Hr 

CHr-CH —CHr-CH—C,H, 

1 ! 


207 


CHr-CHr—CH—C jHj 

C,Hi—CH —CHt-CH—C,H, 

1 I 


170 


/ CHr-CHr-CH, 

CH*—CH*—CHr. 

1 /CH, 


117 

Cyclo-octane (Octomethylene). 

CHr-CHr-CH/ 

CH,—CHr-CH,—CH, 

1 1 

11 

148 


CHr-CH,—CHr-CH, 

CH*—CH,—CH*—CHr^ 

| yCH* 


171 


CH*—CH,—CH.—CHr 
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These occur largely in Russian (Baku) petroleum, in American mixed-base, and 
asphaltic petroleums (including Ohio, California and Canadian), in certain South 
American petroleums (Peru and Colombia) and in Borneo petroleum. 

CaHta-s Series—Saturated—Single Bonds—Poltctcuc—"Poltctcuc , 

Polymethyleneb” 

The most important members of this series are given in the following table: 


TABLE IX— CnH.n-i SERIES—"POLYCYCLIC POI.YMKTIIYLKNES" POLYCYCLIC— 
SATURATED—SINGLE BONDS 



These hydrocarbons are usually associated with the monocyclic ( oH,n Series. 

CoHxo-i Serieb—Unsaturated—One Double Bond—Monocyclic—"Cyclo- 
Olehnes” 

These include cycloethylene, C.H., CH=CH and cyclo-propylene, CiHi, 
CH=CH I I 

/ \ CH.-CH, 

CH,—CHi—CH, which occur largely in Texas oils and in certain asphalt*. 

CaHio < Series—Unsaturated—T wo Double Bonds—Monocyclic—“Terpenes” 

These include the substances limonene, dipentene, terpinolene, terpinene, 
sylvesterene, etc., and are found in Java, Sumatra, Baku, Galicia and Texas 
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(Beaumont) petroleums in relatively small amounts. They also constitute the so- 
called “essential oik” 

CnH 2 n-4 Series—Saturated—Single Bonds—“Polycyclic Polynaphthenes 

These are found in Texas (Beaumont), Louisiana, California, and Ohio petro¬ 
leums, of which the principal menders are Rhown in Table X. 


TABLE X.—CnHm-i SERIES—"POLYCYCLIC POLYNAPHTHENES"—POLYCYCIIC 
SATURATED-SINGLE BONDS 


Name. 

Formula 

Mplting- 

pomt, 

Dog C 

Boiling- 

poinf, 

I)« K C. 


CH*-CH, 



Perhydroaoenaphthene. 

! 1 

CHi CH- CHCH CH* 

1 1 1 

CH, CHi CH CIIi-CH* 

CH, CHs'CH'CII -CHt’CHi 


235 

Purhydrofluorene...... 

CH, CH, CH CH CH, CH, 

\/ 

CH, 

CH, • CII, • CH-CH • CH, • CH, 


230 

Perhydrophonanthrene. 

CH, CH, CH CII CH, CH, 

1 1 

CII,—CH, 

CH, CH, CII CII, CH CII, CH, 


272 

Perhydroanthracone... 

1 1 I 1 

CII, CH, CII CII, CH CH, C H, 

/CH,—CH--CII—CHk 
ch/ | | ;ch, 

X CII,—CH—CII—CIl/ 

88 

270 

(S-Tricyclodekane. 

0 



CoHju-i Series—Unsaturated—Three Double Bonds—Monocyclic- 
“Benzenes” 

The benzenes constitute one of the most imjjortant series of hydrocarbons, and 
form the basis for many valuable organic compounds, including the “coal tar” 
dyes and drugs. The lowest member of this series is the hydrooarlxms benzol or 
benzene, C»Ha. Its exact structure is represented by the following diagram: 


H I H 

V V 
ft A 


H 


Which, for the sake of con¬ 
venience, is abbreviated by the 
following symbol: 


0 
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“This is known ns the ‘’benzol ring,” consisting of six rarljon atoms Joined 
together with single and double bonds alternately, nnd each united with a single 
atom of hydrogen. 

The principal members of the l**nzene series, C n lbn *, are shown in the follow¬ 
ing table: * 

TABUS XI — Cnll.n-. SERIES--" BENZENES'*—MONOCYCLIC—IJNHATU RATED-— 
DOUBLE BONDS 



Cnllia Ct(CH>)« Hf«am« thylb<*n»ol (204°). C«IKO*H»>* Tru thylbcntol; vtr. 
f’uHa GiH»(tM!i>) Octylbeosol, C.H.(C»H.)« Ti-trnethyllientol 

CjkHm Ct(('tll»)« Heiaiithylbrntol (305°). 

Members of the l>enzene series are present in cofil tars, water-gas tar nnd 
other high-temperature distillates. Coal tars, however, constitute the most prolific 
source of the l>enzencs. They are present to a small extent in lignite tar, and 
only in very small quantities in petroleum. Traces have been identified in petro¬ 
leums obtained from Borneo, Sumatra, Java, Japan, and to a very small extent 
in certain varieties from California. 
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CnHin — 8 TO C n Hj n -lo SERIES—UNSATURATED— MONOCYCLIC AND POLYCYCLIC 

These are grouped together for the sake of convenience. A brief description 
will be given of the respective series, together with their principal members. 

• CnHjn-i Series, of which the principal member is phenylethelene, C 6 H 6 -CH : CHj. 
This series is composed of the benzol nucleus with an unsaturated side chain. 

CnHin-io Series, of which the principal member is phenylucetylene, CJIrC . CH. 
This series is composed of the benzol nucleus with a side chain corresponding to 
the acetylene series. It is not of importance. 

CnHin-u Series, known as the “naphthalenes.” 

The principal member of this series is naphthalene, CioH», which is represented 
graphically as: 


H 11 

H 1 1 H 

vVV 

A ci A 

H \ ( ( H 

H M 


And for the sake of 
brevity, by the symbol: 


Naphthalene has a crystalline structure and a characteristic odor. It is found 
principally in coal tar. Other meml>ers of this series are methyl naphthalene 
CioHrCHa, dimethyl naphthalene, C,,H fl (CHa) 2 , ethyl naphthalene, O.^LCjlL, etc. 

O n Han-i« Series, known as the "diphenyls.” 

The principal member of this is diphenyl, (L a H lr , which is represented graphically 
by the following formula: 

/ ' N /-\ 

\ ./ \__ / 

The next member of this series is methyl diphenyl, The C n H 2n u 

hydrocarbons also include the aeenaphthene series, which is an isomer of the pre¬ 
ceding. The first manlier of this series is known as aeenaphthene, CuH, 0 , which 
is represented graphically as follows: 



CnHjn-i# Series, including the diphenylenes of which the first member is flu- 
orene, C u Hi 0 : 
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This series also includes the substance known as stilbene (diphenylethyiene) 
C«H,CH : CH CiHi. 

CnHsn-n Series, known as "anthracenes,” of which anthracene, C U H| 0 is the 
principal member. Anthracene may be illustrated graphically by the following 
formula: 



Retene is also a member of this series. 

CnIIjn » Series, of which "fluoranthene,” C„H„ is the principal member. 

CnHan -« Series, of which "pyrene,” is the principal memlier, 

Cnllin-n Series, of which "dinaphthyl,” is the principal memlier. 

CbHm-ji Series, of which no mcmliers have licen isolated. 

CnIIjn >» Series, known as the “picencs,” of which picene, ('nil,,, is the prin¬ 
cipal memlier. Picene is the highest mclting-|ioint hydrocarlion which has Is'en 
isolated It melts at 3<>4“ C., and occurs in lignite tar, coal tar and certain |K-tro- 
leum re-nines. 

The hyilrocnrlsins of the series Cnllm « to ChHjh-m occur ill coal tar, and to 
a smaller extent in lignite tar and petroleum residues. 

OXYGENATED BODIES 

These include the following substances: 

Water, H,D. This occurs in small quantities in all native petroleums and in 
most native asphalts, especially those associated with mineral matter. Water is always 
present in crude tars, licing formed by the combination of hydrogen and oxygen 
at high temperatures. 

Alcohols. The principal memliere arc methyl alcohol, 011,011, also known as 
wood alcohol, which is found in substantial quantities in wood tar, also ethyl alcohol, 
0 ,11,011, which is also present, but in very small amounts. 

Acetone, CHrCOClI,. This substance and its homologucs are found in small 
quantities in wood tar, coal tar, and lignite tar. 

Fatty Acids. Acetic acid, 011, 00011. is present, in wood tars, and particularly 
those derived from hard woods Acetic acid la-longs to the series Onllm h-OOOII. 
The higher melting-point acids of this scries including palmitic acid, CH,(OII,)„-C()OH, 
stearic acid, CH,(CH,)i.COOH, and the corresixmding esters and lactones are 
found in fatty-acid pitches. 

Resin Acids. These are found in pine tar and pine-tar pitch. The composition 
of these acids has not yet licen definitely determined. They are also present to 
a large extent in resin pitch. 

Phenols. The important memlicrs of this class of substances arc phenol or 
carbolic acid, C<H,OH, cresol or methyl phenol, CH.C.H.OH, of which there are 
three isomers. These and the higher members of this series are present in coal 
tar and lignite tar. 

OXYGENATED BODIES OF ONSNOWN COMPOSITION 

Many substances containing oxygen of which the exact composition has not yet licen 
determined are present in the non-aaphultic pyrobitumens, also to a small extent in 
tans, pitches, and asphaltites. 
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NITROGENOUS BODIES 


Ammoolt, NHi, and ammonium compounds are found in coal tar. 


/\ 


Pyridine, C»H»N or , and derivatives of pyridine including methyl pyri¬ 
dine (also known as picolin, CHi-CjILN), dimethyl pyridine, etc., are found in 
coal tar, lignite tar, petroleum asphalts and pitches. 

Quinoline, CiHtN, and its derivatives are also present in these materials. 


NITROGENOUS BODIES OP UNKNOWN COMPOSITION 

These are present in petroleums, asphalts, pyrobitumens, tars and pitches, in rela¬ 
tively small quantities. 


SULPHURATED BODIES 

The exact chemical composition of the substances containing sulphur has not 
yet been thoroughly investigated. There are, however, numerous sulphurous com¬ 
pounds in bitumens, pyrobitumens, tars and pitches, including the mercaptanes, 
thiophenes, and their derivatives, also substances of analogous composition. Small 
amounts of hydrogen sulphide, HjS, are found associated with petroleum and 
asphalt, and in the distillates of coal and lignite 

It will be gathered from the preceding that the chemistry of bituminous sub¬ 
stances is very complicated, due to the fact that no commercial product has a 
definite composition, but consists of mixtures of numerous chemical substances in 
varying proportions. At the present time certain of these substances have been 
identified, but there is still a vast amount of work to lie done in arriving at the 
exact composition of the individual chemical todies present in bituminous sub¬ 
stances. Although comparatively little is known regarding the exact chemical 
substances present in coals and asphalts, the composition of petroleum and 
various tars has been largely unravelled. Hundreds of definite chemical substances 
have been identified in petroleum, and hundreds have been separated from coal 
tar. No two petroleums are alike in composition. In some, certain chemical sub¬ 
stances predominate, in others they are absent, or present in smaller amounts. 
The same holds true with tars, pitches, ami asphalts. In certain cases, comparatively 
simple methods have been devised for identifying single chemical todies present and 
thus furnish a means of ascertaining the origin of the substance under examination 

PERCENTAGES OF THE ELEMENTS PRESENT IN BITUMI¬ 
NOUS SUBSTANCES 

Bituminous substances are composed of the following elements: carbon, hydro¬ 
gen, oxygen, sulphur, and nitrogen. It is comparatively simple by analytical 
methods to determine the mere percentages of the elements present. An expres¬ 
sion of the percentages of the elements present in a substance is termed its ulti¬ 
mate analysis, in contra-distinction to its exact chemical composition. The ultimate 
analysis will often furnish a clue as to its identity. 

The element nitrogen is rarely present in excess of 2 per cent of the non-mineral 
constituents. Mineral waxes are usually free from nitrogen. Petroleum, asphalt, 
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Carbon, 
100 per cent 



Lina of uro carbon 

Fig. 11. —Trilinenr Coordinates on an Equilateral Triangle. 


JB1 
pal 
mm 


asphaltites and pvrobitumens contain amounts varying from a trace to 1.7 per 
cent of nitrogen. Tars and pitches contain from 0 to 1 per cent of nitrogen. 

The percentage of sulphur in 100 % 

bituminous materials varies con* ® 

siderably. Ozokerite, paraffine 
wax, montan wax, coal tar, coal- 
tar pitch, pine tar, pine-tar pitch, 
hardwood tar, hardwood-tar pitch, 
and fatty-acid pitch are practi¬ 
cally free from sulphur. 

In petroleum, the sulphur 
varies from a trace to 5 j>er cent 
as a maximum. Mexican petro¬ 
leum contains lietwecn 3 and 5 
per cent. Trinidad and California 
petroleums contain approximately 
$ to 4 per cent. Mixed-base pe¬ 
troleums including the Mid-conti¬ 
nental and Texas oils contain from 
a trace to about 2J per cent. c 
Paraffinaceou8 petroleums contain too* 10 
merely a trace. Residual oils con- p I0 12 .—Trilinear Coordinates on an Isosceles 
tain from a trace to 5 per cent. Triangle. 

Residual asphalt, blown asphalt, 

sludge asphalt, native asphalts, asphaltites, asphaltic pyrobitumens, and non-asphaltta 


mmaaal 
mamm 
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pyrobitumens contain from a trace 
to 10 per cent of sulphur. Tars and 
pitches derived from non-asphaitic 
pyrobitumens contain from a trace to 
1 } per cent. 

As far as we can determine, the 
w presence of nitrogen and sulphur vary 

J according to no known laws and may 
therefore be regarded as adventitious. 
3 On the other hand, the percentages 
^ of carbon, hydrogen, and oxygen 
5 appear to follow well-defined laws, 
I and may be used as criteria to differ- 
§ entiate between the various classes 
3 bituminous materials. The in¬ 
's vestigations of O. C. Ralston' have 
- done much to clear up this subject. 

Analyses are first calculated to a 
a moisture-free, ash-free, nitrogen-free, 
a and sulphur-free basis, so that the 
^ percentages of carbon, hydrogen, and 
p oxygen will add up to 100 per cent. 
® The results are then plotted on a 
"a special type of trilinear coordinates, 
a To explain this we will first refer 
to the usual form of trilinear co- 
.£ ordinates adapted to substances com- 
posed of the three elements carbon, 

- hydrogen, and oxygen, illustrated in 
* Fig. H. It is more convenient, how- 
13 ever, to use an isosceles right-angle 
W triangle as shown in Fig. 12. Since 
"3 none of the bituminous substances 
contain more than 15 per cent of 
hydrogen, only the part of the tri- 
jj an g' e represented by the shaded 
ii 8ection m the preceding illustration 
j need be used. Fig. 13 shows the 
<4 Bhatled portion of Fig. 12 drawn on 
" an enlarged scale, on which are plotted 
8 the typical bituminous substances. 

The percentages of oxygen con¬ 
tained in the more important bitu¬ 
minous materials (calculated on the 
mineral-free basis) are shown in 
Table XXXV on page 483. With the 
exception of the non-asphaltic pyro¬ 
bitumens, the percentage of oxygen 

of Interior, Bureau of Miaoo, Woob., D. C. 
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does not exceed 5. This is significant. The hydrogen, on (he other hand, never exceeds 
15 per cent. In the paraffine series of hydrocarbons, the carbon is combined with 
as much hydrogen as possible, and this accordingly contains the largest percentage 
of hydrogen and the smallest percentage of carbon. The lowest member of thyr 
series CH<, a gas, contains 75 per cent of carbon and 25 per cent of hydrogen. 
The member contains 85.31 per cent of carbon and 14.60 per oent of hydro¬ 
gen. In the olefine series CnHm, the relation of carbon to hydrogen is constant, 
and figures: carbon 85.71 per cent and hydrogen 14.29 per cent. 

The greatest percentage of carbon found in any bituminous substance is in 
the case of anthracite coal, which runs as high as 98 per cent. The smallest per¬ 
centage is contained in certain peats, which run as low as 50 per cent. With the 
exception of the non-aaphaltic pyrobitumens, carbon ranges from 85 to 95 per cent. 



CHAPTER IV 


GEOLOGY AND ORIGIN OF BITUMENS AND PYROBITUMENS 

Geology 

Age of the Geological Formations. The earth’s crust has been divided 
into natural groups or strata in the order of their antiquity. There are 
five main divisions, which range in sequence as follows: 

1. Quarternary or Post-tertiary, representing the strata now in the 
process of formation. 

2. Tertiary or Caenozoic, embracing the age of recent life. 

3. Secondary or Mesozoic, representing the less recent life. 

4 . Primary or Paleozoic, representing the so-called “ ancient life.” 

6. Archaean or Azoic, representing the so-called lifeless strata. 

These divisions are recognized by the distinctive organic remains, 
fossils, minerals and other characteristics. They are classified into various 
“ systems ” as shown in Table XI1 on the opposite page. 

The systems form a chronological time-chart indicating the relative 
ages of the earth’s strata. The systems are further sub-divided into groups 
which differ in different localities, but it will be unnecessary to consider 
their sub-classification here. 

Petroleum occurs in all of the geological horizons from the Recent down 
to the Pre-Cambrian. Certain systems are richer than others, especially 
the Pliocene, Miocene, Oligocene, Koeene, ('arboniferous, Upper Devonian 
and Lower Silurian (Ordovician). Asphalts, asphaltites and non-asphaltic 
pyrobitumens are found in all the systems from the Pliocene to the Silurian. 
Mineral waxes arc found largely in the Pliocene, Miocene, Oligocene, 
Eocene and Cretaceous. 

The non-asphaltic pyrobitumens do not occur in the older Paleo¬ 
zoic formations (i.e. the Silurian or Cambrian Systems). The Carbonifer¬ 
ous System contains the most valuable coal deposits; the Permian and 
Triassic Systems contain coals of inferior quality, and the coals found in 
the Jurassic, Cretaceous, Eocene and Oligocene Series are still more 
inferior in quality. Lignite occurs in the Oligocene, and Miocene Series, 
and peat in the Pliocene and Pleistocene. The Pre-Cambrian Series 
consists largely of crystalline, metamorphic rocks of volcanic and igneous 
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origin. The non-asphaltic pyrobitumens, as might be expected, do not 
occur in rocks of this character. Graphite, however, occurs in the Pre- 
Cambrian rocks, and may possibly have been derived from vegetable 
matter, although no signs of associated plant remains have been found in 
these rocks. 

TABLE XII 


Era. 

Quarternary or Post- 
tertiary .. . 


System. 

Recent or Poat-giftcial 
pleistocene or Glacial 


Historic 

Prehistoric 

Ncolithio 


Tertiary or Cacnozoic 


Secondary or Mesozoic 


Primary or Paleozoic 


f Pliocene 

j M loceue 
| Oligocene 
[ Eocene 

r 

Cretaceous. 

Jurassic. 

Tnassic 


Upper 
Middle 
1 over 
Up|HT 
Middle 
Lower 


Permian 

. f Upper 
Orbomlrroui < , 


Devonian 


Silurian 


( Upper 

j Middle 
[ Lower 

/ Upper 

\ i cmer (Ordovician > 


Arch*an or Aroic. 


Cambrian 
Pro-Carobnan 


Upfs-r 
Middle 
I ower 


The particular geological system is of value in enabling us to prospect 
and trace i^sits of bitumens and pyrobitumens in any given locality. 

Character of the Associated Minerals. Bitumens and pyrobitumens, 
with tad few exceptions, are found in sedimentary deposits of sand, sarnl- 
"one limestone and sometimes in shale and clay. Bare occurrences have 
been reported in igneous rocks, but then only in very small quantities. 
Modes of Occurrence. Bitumens und pyrobitumens are found w 

nature in the following ways: 


1. Overflows: 

(а) Springs. 

(б) Lakes. 
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2. Impregnating Rocks: 

(а) Subterranean pools or reservoirs. 

(б) Horizontal rock strata. 

• (c) Vertical rock strata. 

3. Filling Veins: 

(a) Caused by vortical cleavage. 

(b) Caused by upturning. 

(c) Caused by sliding. 

(d) Formed by sedimentation. 

Springs. Petroleum and the liquid forms of asphalt only are found in springs 
(Fig. 14). These emanate from a fissure, crevice, or fault which permits the petro¬ 
leum or liquid asphalt to rise to the surface from some depth. Petroleum or 
asphalt springs have been rcjwrted in various parts of the world, but are rarely of 
commercial importance. 

Lakes. Asphalt only is sometimes found in lakes, which are in reality springs 
on a very large scale (Fig. 1/i). Some of our largest and most valuable de|>osits 
ooeur in this form, the l>cst known l>cing the lakes at Trinidad and Venezuela. 
It is probable that the asphalt is forced up from Inflow in a liquid or semi-liquid 
condition by the pressure of the oil and gas underneath, which causes it to flow 
through a fissure or fault and spread over a large area at the surface. Luke 
asphalts are moderately soft where they emanate, but harden on exi>osurc to the 
elements. 

Seepages. These occur in the case of petroleum or liquid asphalts, and usually 
from cliffs or mountains liearing impregnated rock. Either the pressure of the 
material itself or the heat of the sun causes a certain quantity, usually not very 
large, to flow out of the rock and run towards the lower level. (Fig lfi.), .Seepages 
are often found where a rapidly flowing stream of water cuts its way through 
strata of rock impregnated with jiotroleum or asphalt. From a commercial stand¬ 
point, seepages of asphalt or jietroleum are of little value 

Subterranean Pools or Reservoirs. Practically all deposits of petroleum of any 
magnitude occur Inflow the surface of the earth in subterranean “pools" or “reser¬ 
voirs.” These consist of porous sand, sandstone, limestone (or dolomite) with a 
more or less impervious rock rover. The porous lied is exemplified by coarse-grained 
sandstone, conglomerate, or limestone. The limestone may have I wen dense as it 
existed originally, hut rendered [Kiroiis in the course of tune by conversion into 
dolomite, with tho consequent production of voids due to shrinkage, since dolomite 
occupies loss space than the original limestone. The petroleum is carried in the 
interstices of the |>oroua rook and prevented from volatilizing or escaping by an 
impervious cover known as the “cap-rock," usually conifxxsed of shale or a dense 
limestone. The main supplies of petroleum have been obtained from regions which 
have been comparatively undisturbed by terrestrial movements. In such cases the 
accumulation of petroleum underneath forms what is known as a “pool” or “res¬ 
ervoir” (Fig. 17). 

Impregnated Rock In Strata. Liquid to semi-liquid asphalts occur in this man¬ 
ner. Rocks impregnated with asphalt are produced in two ways, viz.: 

(1) By the gradual evaporation and hardening of an asphaltic petroleum due 
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perhaps to the disturbing or removal of the cap-rock, leaving the asphalt residue 
filling the interstices of the stratum carrying it. These are usually found in hori¬ 
zontal strata (Fig. 18). 

(2) By the liquid asphalt being forced upward under pressure, or drawn up¬ 
ward by capillarity from underlying strata into a porous rock layer above it. 
These are usually found in the region of a “thrust’' or upturning of the earth’s 
strata (Fig. 19). 

Filling Veins. The harder asphalts, asphaltites and asphaltic pyrobitumens are 
most commonly found filling fissures in a more or less vertical direction, caused 
by “faulting.” In geology, a “fault” is a more or less vertical crack in the earth’s 
surface brought about by the contraction and uneven settling of the strata. This 
is occasioned by a greater movement in the rock on one side of the fault’s plane 
than on the other, as illustrated in Fig. 20, or by the upturning of a section of 
the earth’s crust as shown in Fig. 21. Faults allow the liquid or molten asphalt 
to force its way up from underneath and fill the crevice. As will be described 
later, after the asphalt hardens in the fault, it. might in time become metamor- 
phodzed and converted into an asphaltite or asphaltic pyrobitunien. Non-asphaltic 
pyrobitumens are never found in faults, probably because they are incapable of 
softening or melting under the action of heat, either in their original state or 
afterwards. 

Sometimes we find the harder asphalts, asphalt it ies and asphaltic pyrobitumens 
filling a more or less horizontal fissure or cleavage crack, brought about by the 
sliding of two strata, one upon the othor. The opening between the strata becomes 
filled with the liquid or melted asphalt, forced up under pressure through a crevice 
from below, which then hardens, giving rise to a horizontal vein as shown in Fig. 22. 

Horizontal veins are sometimes derived from prehistoric asphalt “lakes,” jx?r- 
haps similar to our present Trinidad or Venezuela lakes In time, these harden, 
and l>ecome submerged in water, due perhaps to a movement in the level of the 
earth’s crust. The water permit* the sedimentation of mineral matter, so that the 
lake is gradually converted into a horizontal vein. If the liquid asphalt again 
breaks through a fault or fissure, it will form a su[>orimposed vein, or perhaps a 
series of such veins between sediments, as shown in Fig. 23. 

In the case of non-asphaltic pyrobitumens, the veins were unquestionably formed 
by a process of sedimentation. The vegetation from which these were derived, 
originally grew in swampy or marshy localities, presumably about the mouths of 
rivers. As the vegetation died, it became covered with sediments of sand or clay 
carried down by the water, or by calcium carbonate precipitated from the water, 
which in turn formed soil for subsequent growths. These gave rise to the future 
veins of non-asphaltic pyrobitumens, which are similar structurally to the pre¬ 
ceding (Fig. 23). 

Movement of Bitumens in the Earth’s Strata. It is a singular fact 
that petroleum, mineral waxes, asphalts and asphaltites are not always 
found in the same locality in which they originated. They have the power 
of migrating from place to place, and many deposits are still in the proc¬ 
ess of migration. A “ primary deposit ” is one in which the bituminous 
material is still associated with the same rocks in which it originated. 
A “ secondary deposit ,f is one to which the material has subsequently 
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migrated. Bitumens usually migrate while in a liquid or melted con¬ 
dition, although in certain rare instances the migration has been induced 
by the action of flowing water while the bitumen is in the solid state. 

The main causes for the movement of native bituminous substances in the earth’s 
surface are as follows: 

(1) Hydrostatic Pressure. This is largely responsible for the accumulation of 
petroleum in pools or reservoirs. At some distance Wlow the earth’s surface there 
is an accumulation of ground water, the level of which varies in different localities 
and during different seasons. The petroleum, lieing lighter than the water, floats 
on its surface. As the level of the ground water varies, it will move the petroleum 
about through interstices in the rock. The water tends to push the oil ahead of 
it, and this will account for the accumulation of the petroleum in the form of 
pools or reservoirs underneath a cap of a dense and non-porous strata through which 
it cannot permeate. This will also explain why there is often an accumulation of 
petroleum in the ground near the top of a lull or mountain. Oil and gas are often 
encountered under pressure, due to the hydrostatic head of water. 

Hydrostatic pressure may also cause the migration of solid asphalts, ns for 
example in the case of the Dead Son, w hen* masses Ixvome detached from the liottom and 
are caused to float upward by the higher gravity of the water, due to the largo 
percentage of salt dissolved in it. 

(2) Gas Pressure. It is probable that the action of the heat or other forces 
below the surface of the earth, tend to partially vaporiso certain bitumens, so that 
the resulting gas will force them into the overlying strata near the surface. In 
other instances the effect of faulting, crumpling, upturning, erosion and other move¬ 
ments of the earth’s strata exposes the oil- or asphalt-bearing formations, and enables 
the gas pressure to force them to the surface. Natural gas exists under great 
pressure in certain localities. Many gas wells in the Baku and Pennsylvania 
fields have registered a pressure of <500 to MX) lb., and even as high as 1000 lb. 
per square inch. This may be accounted for by the fact that as the gas is 
constantly being genera ted, it accumulates inside of the earth s surface and has no 
access to escape owing to the density of the strata al)ovc. 

( 3 ) Capillarity. This force takes place in dry jjorous rocks and acts on per¬ 
manently liquid bitumens, or bitumens solid at ordinary temprmtumi but trans¬ 
formed to the incited state by the action of heat. Fnder them conditions the 
bitumen will soak into the pores of the rock or sand and gradually fill the inter¬ 
stices. Capillarity is a very much stronger force than gravity, although other 
forces, such as the action of heat (see under 5) may l>e partly responsible. The 
finer the pores in the rock, the greater the capillary force. Rocks saturated with 
moisture tend to resist the action of capillarity, which is most effective in the 
dry state. 

(4) Gravitation. The natural weight of the overlying strata caused by gravi¬ 
tation sets up a pressure where there are accumulation* of petroleum or other 
forms of liquid bitumen underneath, and if a fissure or fault occurs in the earth’s 
crust, the bitumen lieing softer than the surrounding rock, will lx; forced to the 
surface. Gravitation is therefore selective in its action and by exerting a greater 
pull on the heavier Ixxlies will tend to force the lighter one* upward. Under other 
circumstances, where the substances are not confined, the result of gravitation is 
to cause the petroleum or liquid asphalt to oose from the over-lying rock matrix 
in the form of “neepages.” 
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(5) Effect of Heat, Heat is also a large factor in causing the migration of 
bituminous substances. Its effect is variable. Under certain circumstances it will 
convert the solid bitumens into a liquid state and thus enable them to be acted upon 
by the various forces considered previously. Under other conditions, heat in the 
interior of the earth will vaporize the bitumens such as petroleum and force them 
upward. Again, if the heat is sufficiently intense, it is apt to cause the bitumens 
to undergo destructive distillation, the distillate condensing in the upper and cooler 
layers. 


Origin and Metamorphosis of Bitumens and Asphaltic 
Pyrobitumens 

Probable Origin of Bitumens and Asphaltic Pyrobitumens. Although 

much has been written on this subject, no generally acceptable conclu¬ 
sions have been reached. The discussion has in the main centered about 
the origin of petroleum, as this is conceded to be the mother substance, 
from which the other bitumens and pyrobitumens are supposed to be 
produced by a process of metamorphosis. The theories have been divided 
into two classes, namely, the inorganic and the organic. We will con¬ 
sider these in greater detail. 

Inorganic Theories. It is contended that the interior of the earth 
contains free alkaline metals, presumably in a melted condition. These 
at high temperatures would react with carl on dioxide forming aeetylides 
which in turn produce hydrocarbons of the acetylene series upon coming 
in contact with water. The acetylenes l>cing unsaturated would have 
a tendency to combine with free hydrogen and give rise to the olefine 
and paraffine series. 

Still another theory based on similar lines, assumes the presence 
of metal carbides, including iron carbide, some distance below the sur¬ 
face of the earth. These are supposed to decompose on coming in con¬ 
tact with water and produce hydrocarlxms, which upon condensing 
in the cooler upper strata give rise to petroleum. This, however, is 
mere speculation, for no iron carbide has ever been found. The occur¬ 
rence of hydrocarbon gases in volcanic emanations has been cited to 
substantiate this theory. 

The cosmical hypothesis is based upon the assumption that hydro¬ 
carbons were present in the atmosphere which originally surrounded 
the earth, after it had been thrown off by the sun. These hydrocarbons 
are claimed to have been formed by a direct combination of the elements 
carbon and hydrogen in the cosmic mass. As the earth cooled, the 
hydrocarbons condensed in the earth’s crust, giving rise to deposits similar 
to those existing to-day. This theory has also been connected with the 
carbide theories, upon the assumption that at the high temperatures to 
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which the gases must have been subjected at the time they were thrown 
off by the sun, and before they condensed, the first compounds formed 
were carbides, silicides, nitrides, and the like. As oxidation would not 
commence until some time later, it is assumed that these carbides would 
remain locked up in the interior of the earth for geologic ages, and 
then gradually give rise to hydrocarbons upon being decomposed through 


the agency of water. 

Vegetable Theories. It has long !>ce» known that certain hydro¬ 
carbons result during the decay of vegetation. The hydrocarbon methane 
(CH 4 ), otherwise known as “marsh gas” is produced in this manner, 
but only in comparatively small amounts. Similarly methane has been 
detected in the gases resulting during the decay of seaweed. 

It has been shown by others that under certain conditions hydro¬ 
carbons may be produced artificially by the fermentation and decay of 
certain forms of cellulose, including woody fibre. Still other scientists 
maintain that petroleum is produced by microscopic plants known as 
diatoms, which occur abundantly in peat taxis, and certain togs. These 
organisms are found to contain minute globules of oily matter distributed 
in t he plasma, and moreover, a waxy substance resembling ozokerite may 
bo extracted by solvents from the diatomaceous jicat. It is contended 
that this oil will in time and under pressure become converted into liquid 
petroleum, and at higher temperatures and pressures possibly into asphalt. 
In support of this hypothesis a toil of pent him been descr.tod near 
Stettin, Germany, consisting largely of diatoms and from which hydro¬ 
cartons have toen extracted in quantities up to 4 [ler cent. 

Another theory based on similar lines, infers that petroleum is derived 
from a slimy substance rich in organic matter known as “ sapropcl 
composed largely of algae, which accumulates at the tot tom of stagnant 
waters This slime becomes covered with sediments which through the 
agency time and pressure, is assumed to give rise to petroleum, and 

under certain conditions, to asphalt. 

In a similar manner, bitumens are claimed to have been fonned from 
deposits of vegetable matter, including various marine plants, seaweeds, 
etc which accumulate at the bottom of the ocean. Just as the non- 
asphaltic pvrobitumens (e.g., coal) are produced by the decomposition 
0 Terrestrial vegetation, it is contended that bitumens have arisen from 
,hc decay of marine plants. This theory has a number of adherents. 
The optical activity of certain petroleums has been cited to substantiate 
the contention, since oils derived from organic matter can only possess 
this property. It has Ixxm proven that hydrocarbons produced from 
inorganic substances, such as metal carbides, do not exhibit optical activity. 



54 


ASPHALTS AND ALLIED SUBSTANCES 


Still another theory, advocating the vegetable origin of petroleum, 
assumes its derivation from peat, lignite or coal, which have been sub¬ 
jected to a sufficiently high temperature to undergo a process of destruc¬ 
tive distillation, resulting in the production of liquid and gaseous hydro¬ 
carbons. This is supposed to have occurred at great depths below the 
earth’s surface and the hydrocarbons condensed in upper layers. 

The asphaltic pyrobituininous shales are similarly claimed to have 
generated petroleum under the action of heat, based on the well-known 
fact that when these shales are distilled commercially, petroleum-like 
oils are produced. It is contended that the shales themselves were 
derived from gelatinous algse whose remains are still recognizable in 
certain of them with the aid of a microscope. 

Animal Theories. In a similar manner, petroleum and asphalt are sup¬ 
posed to have been produced from the accumulation of animal matter 
at the bottom of the ocean, which in time decomposed into hydro- 
carlrons. The presence of nitrogen in all forms of bitumen, is cited in 
sui)stantiation of its production from albuminoid matter. The remains of 
molluscs and fish are present in certain asphaltic pyrobituminous shales, 
including the Albert series of New Brunswick, and in many rocks carry¬ 
ing petroleum and asphalt. I)e|»sits of the latter have been reported 
in Galicia, Wyoming, and arc particularly noticeable in the case of oil 
and asphalt deposits in Uvalde County, Texas, and southeastern Cali¬ 
fornia. In Egypt, shells are also found filled with bitumen. Others 
contend that the living cells arc in some manner absorbed into the pores 
of coral reefs, and that these in time result in the formation of bituminous 
limestone. 

Substances closely resembling petroleum and bitumens have been 
produced artificially by subjecting fish albumin to heat, under pressure. 
Animal fats have similarly been converted into hydrocarbons boiling 
below 300° C. (Sec p. 330.) The conversion of fats and albuminous 
substances into petroleum is said to depend upon three factors, namely, 
pressure, temperature and time. The variations in the composition 
of petroleum found in different localities, is accounted for by variations 
in one or more of these factors. 

In conclusion it might lie stated that probably all three theories 
embody certain elements of truth. The cosmical hypothesis is sustained 
by the fact that hydrocarbons have often been found in meteorites (see 
p. 79). The inorganic theory is borne out by the fact that hydrocarbons 
occur in volcanic emanations. The vegetable and animal theories in turn 
are supported by the presence of bitumens and pyrobitumens in rocks of 
sedimentary character, often carrying vegetable and animal fossil remains. 
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It is highly probable, therefore, that bitumens owe their origin to two or 
more of the theories which have been discussed, which would account 
for their varying chemical composition and physical characteristics. 

Metamorphosis of Mineral Waxes, Asphalts, Asphaltites and Asphalti*- 
Pyrobitumens from Petroleum. Although there seems to be a wide 
difference of opinion regarding the origin of petroleum, authorities are 
pretty well agreed that petroleum when once formed, is gradually con¬ 
verted into the other types of bitumen and pyrobitumens, under the 
influence of time, heat and pressure. This process of transformation 
is known as “ metamorphosis.” 

It is contended that mineral matter is a finely divided form, as for 
example “ colloidal ” clay, hastens this transformation by acting as a 
catalyzer. This theory is advanced by Clifford Richardson. 1 In study¬ 
ing the well-known Trinidad asphalt iakc deixwit, Richardson concludes 
that an asphaltic petroleum existing at a considerable depth is converted 
into a more solid form of bitumen, namely asphalt, upon being thoroughly 
emulsified with colloidal clay, sand and water through the medium of 
natural gas at a high pressure. The elements of time and temperature 
are equally important factors. 

During the metamorphosis, hydrogen is gradually eliminated, the 
hydrocarbons becoming enriched in carbon, and from a chemical stand¬ 
point more complex structurally. The changes brought about during 
this process may be regarded as a form of polymerization, in which the 
hydrocarbon molecules become rearranged into more complex molecules 
of higher molecular weight. 

The simplest hydrocarbons are present in petroleum. Those in 
mineral waxes are somewhat more complex, and l>oth the structural 
complexity and the molecular weight increase in the case of asphalts 
and the asphaltic pyrobitumens. There are no Bharp lines of demarcation 
between the various types of bitumens or asphaltic pyrobitumens. Each 
class gradually merges into another, and specimens will often be found 
on the border line, so that it is difficult to decide to which class they 


actually lielopg. (See p. 127.) 

From this view-point we may regard petroleums as passing in gradual 
stages, under the influence of time, heat, pressure and catalyzers into 
the soft native asphalts, which in turn pass into harder native asphalts, 
then into asphaltites and finally into the asphaltic pyrobitumens and 
asphaltic pyrobituminous shales. 2 

I J lad. Eat. Ch,m , «, 3, an,I 193; 1910. Ms. Ctea,. Eat. II. 3, 1917; 81. Paul (Mii.il.) Eat. 

p 'Mab-ry,” 1 "The' Relation, in Composition o» the Different Forma ot Natural 
Bitumens," J. Am. Chem. 8oc , If. 2018, 1917. 
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It is highly probable that all deposits of asphalt are produced by 
metamorphosis from asphaltic petroleum. Similarly it seems likely that all 
deposits of mineral wax, such as ozokerite, etc., result from the meta¬ 
morphosis of paraffmaceous petroleum. 

The transformation manifests itself from a physical standpoint by: 

(1) An increase in specific gravity. 

(2) An increase in fusing-point. 

(3) An increase in hardness. 

(4) An increase in the percentage of fixed carbon. 

(5) A decrease in the ]>errentuge of soluble in carbon disulphide and 

naphtha. 

(0) A decrease in the percentage of volatile matter. 

(7) An increase in the flash- and burning-points. 

Although certain members are soluble in carlton disulphide, yet as the 
metamorphosis progresses, the solubility decreases, and this is particularly 
noticeable in the case of asphaltic pyrobitumens. 

Elatcrite, wurtzilite, albertito, impsonitc and the asphaltic pyro- 
bituminous shales represent the final stages in the metamorphosis of 
petroleum. The first four tire comparatively free from mineral matter. 
If the latter predominates, the product is known as ail asphaltic pyro- 
hituminous shale. The non-mineral matter contained in these shales 
has the same general characteristics as elatcrite, wurtzilite, albertite 
or impsonitc, depending upon how far the metamorphosis has progressed. 

In this connection it is interesting to note that on distilling non-asphaltie or 
mixed-base petroleums, so that the residue in the stilt reaches a temperature 
between (>0t) and HI tit l‘\, a form of iHiIymcrizutinn (tikes place whereby asphalt- 
like substances arc produced. In other words, the [icrrentage of asphalt in the 
petroleum is increased under these conditions (p. 2ttti). 'there is a critical tem¬ 
perature which favors the production of these asphalt-like !todies, known in petro¬ 
leum refining os the “asphalt-forming temperature ” If this temperature is in¬ 
creased, “cracking” takes place, in which the asphalt is destructively distilled and 
dceonqiosed into simpler molecules. 

The asphaltic pyrobitumens liehave differently. When heated to lietween 600 
and 800° F., they undergo “cracking.” This is in reality a form Of depolymeriza¬ 
tion in which complex molecules are broken down into simpler ones. As a result, 
the original substance, which is practically insoluble in organic solvents, increases 
materially in solubility. Kluterite and wurtzilite depolymerize and become com¬ 
pletely soluble in benzol and carbon disulphide. Albertite is more difficult to depolym¬ 
erize than elatcrite or wurtzilite, requiring a higher temperature and an increased 
time of treatment. On the other hand, impsonitc depolymerizes only slightly 
under these conditions. If heated to higher temperatures, the asphaltic pyrobitu¬ 
mens suffer destructive distillation, leaving a residue of coke. The depolymeriza¬ 
tion is similar to the action which takes place on melting fossil resins, such as 
copal, amber, etc., in manufacturing varnish. 
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An interesting .series of tests has been made in connection with oil shales, 
as shown in the following table: 
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TABLE XIV 
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Non-asphaltie Petroleum 

1 

Mixed-base and Asphaltie Petroleums 

1 

■1 

Mineral Waxes 


i 

Asphalts 


Pure and 

Impure 


Fairly Pure 

1 

(lloek Asphalts) 

I 


i 

Asphalt ites 

i 

(Impure Asphaltites) 


Asphaltic Pyrobitumens Shales. Asphalt ie Pyrobituminous 



68 


ASPHALTS AND ALLIED SUBSTANCES 


TABLK XIV- -Contxnued 
Cellulose (Woody Fiber) 
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The origin of non-asphaltic pyrohit muons has been definitely established. 
The associated fossil remains clearly prove that these have been derived 
from vegetable matter containing cellulose, a carbohydrate having the 
empirical formula (CoHioOs),. 

Tho decomposition of cellulose when the air is partly or wholly excluded, os 
would lie the ease when buried in the ground, results m the loss of carl -on dioxide, 
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methane, atul water. In this maimer, cellulose ultimately yields a series of prod¬ 
ucts grouped under the heading of non-a>phaltic pyrohitunions. The conditions 
favorable to their production seem to lie the growth of vegetable substances nlxnit 
the mouths of rivers, combined with a change in water-level. The sediment carried 
down by the river, formed beds of sand or clay which sealed the vegetation fn 
lietween the strata In this manner the vegetable matter was protected from 
atmospheric oxidation and at the same time probably subjected to fermentative 
heat, abo to a gradually increasing pressure, as successive layers accumulated. 
The vegetation doubtlessly embraced many different hinds, including trees, ferns, 
grasses, mosses, and the like 1-Wil ferns are still clearly evident in coal Ixais. 
In other cases carlmni/cd trees, roots and tibrous tissue art' recognizable, and in 
still others, the resins originalk present in the wood are found intact. Amlier 
and fossil copal often occur in jieat. and large masses of resin have lieen identified 
in beds of lignite and bituminous co.il 

Peat represents tin* first stage in the metamorphosis of coal from vegetable 
matter, and occurs in laigs or other swampy places Very often on the surface of 
a l>og or swamp we see the still living and growing plants A little lielow, we find 
their decayed remains, and still deeper, a black glutinous substance saturated with 
moisture, known as “|H\ut 

The exact nature of the changes which take place in the transformation of 
vegetable matter into jieat is not clearly understood The ultimate analysis shows 
that the percentages of hydrogen and oxygen have diminished, and carl mu corre¬ 
spondingly increased. In the most recent deposits, |>ent is loosely compacted, but 
as it accumulates under the sediments, it becomes compressed A lied which was 
possibly once a foot thick might shrink to sexeral inches In all probability the 
pressure develop'd by the sujierinijMised layers, aids in the transformation of peat 
into coal (see p IDS). 

Lignite or browncoal is intermediate between peat and bituminous coal. 'Hie 
most recent deposits approach peat in comiHisition, and the oldest merge into 
bituminous coal Lignite contains a larger |>orcentuge of car!ion and smaller per¬ 
centages of hydrogen and oxxgen than peat. 

According to Clarke, 1 the lignites are ground into six classes, viz : 

(1) True lignite, in which the ligneous structure is more or less jierfeetly pre¬ 
served. 

(2) Earthy browncoal. which lias an earthy structure, and a dull lustre, often 
accompanied by mineral resins or wax-like hydrocarl m>iis, ? which may lx* extracted 
by means of carlxm disulphide or l»en/.ol 

(;*) Common browncoal. which is a compacted form of lignite. 

(4) Pitch coal having a compact structure and is so named on account of it* 
peculiar pitch-like lustre. 

(5) Glance coal, which is a very hard and compact form of lignite., closely 
resembling bituminous coal. 


‘"The Data of Geochemist ry.” Bulletin So 330. V. 8 Geologic*! Hurvey, Wash , 1) C, 1008. 

* The associated resins or waxc*. or asphnlo*. as they are termed by some, have been described 
under various names, including Anthracoxemte, Homhiecite, Branchile, Buiyrellite, Dinit*. 
Dopplerite, Duxite, D>aodilc, Euosnnte, 1 icbtehte, Geomjrieite, Hariine, Hartite, Hofrnannite, 
Ionite, KSHachite, Leucopetnn, Uucopetnte, M.lanch>me, Mellite, Middletonite, Murkite, Neu- 
dorfite, Neft-Gil, Phytocolbte, Piannte, P>ror«-tin, Itifikite, Kctmaaphaltum, Retimte, Hoehlederite, 
Sehleretimte, Sieburgite, Trinhente, Walchowite, Wbeclente, etc 



60 


ASPHALTS AND ALLIED SUBSTANCES 


(6) Jet, representing an extremely hard variety of lignite, claimed to have been 
derived from coniferous woods. 

Cannel coal is in reality a subclass of bituminous coal, rich in volatile matter. 

It is supposed to have been derived from sfxires, spore cases, and resinous or waxy 
products of plants. The absence of woody material gives cannel coal a uniform 
texture and grain not present in other coals, so that it breaks with a conchoidal 
fracture, and a splinter ignites in contact with a lighted match, burning like a 
candle, whence it derives its name. Cl. II Ashely 1 classifies it as follows: 

(1) Subcannel coal: 

(a) Brown subcannel, of browncoal or lignite rank. 

(b) Black subcannel, of subbituminous rank. 

(2) Cannel coal, of bituminous rank: 

(«) Boghead cannel (fuel ratio 2 less than 05) 

(6) Typical cannel (fuel ratio 2 totween 0 5 anil 1). 

(r) Ix*an cannel or semieannel (fuel ratio* more than 1). 

(3) Canneloid or semibituimnous coal. 

Bituminous coal falls totween lignite and anthracite coal. It is often a mat¬ 
ter of difficulty to determine where the lignites stop and the bituminous coals 
begin; similarly, the line of demarcation totween bituminous and anthracite coals 
is not very distinct. Bituminous coals contain a larger percentage of carton and 
smaller percentages of hydrogen and oxygen than lignite. The name “bituminous 
coal” is derived from the fact that this coal apparently softens and undergoes 
fusion at a temperature somewhat below that of actual combustion. The term, 
however, is a misnomer. The softening which takes place marks the point at 
which destructive distillation commences, accompanied by the formation of gaseous 
hydroeartons “Bitumen" does not aeutally exist in bituminous coal, which is 
easily proven by the fact that solvents for bitumen such as carbon disulphide 
have no appreciable effect ujion it Bituminous coals contain a substantial jiortion 
of volatile matter, which causes them to burn more rapidly than anthracite, and 
with a larger amount of flame The go-called “coking coal” is a class of bitu¬ 
minous coal, used in the manufacture of coke 

Anthracite coal represents the final stage in the transformation of vegetable 
matter into a non-crvstalline form It contains definite proportions of hydrogen 
and oxygen Certain forms of anthracite approach graphite in their conifiosition. 
(Iraphite on the other hand is a crystallized mineral eomjioscd entirely of carton, 
and which is supposed to represent the final stage in the metamorphosis of coal. 
The mode of occurrence ami microscopic structure of graphite deposits correspond 
closely with those of coal, giving rise to the belief that I Kith were derived from a 
common source. 

The following table shows the maximum, minimum, and average percentages 
of carton, hydrogen, oxygen, and nitrogen in wood, peat, lignite, bituminous coal, 
anthracite coal and graphite, calculated on the water-, ash-, and sulphur-free bases: 


• ‘‘Cannel Coals in the United State*," U S Geological Survey, Bull, in preparation. 
•The quotient ot the fixed carbon divided by the volatile matter. 
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A sternly decreases in the |>ereoiitnges of h\drngen and oxygen thus liecome* 
apparent, and especially if the average |>ercentages are recalculate*! on the basis 
of 10() parts by weight of carbon, as shown in the following table: 
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It will h»e observed that the progressive decrease in the pn>|K>rtion of ox>gen 
is greater than is the case with hydrogen In cellulose (V.HmOt, these two ele¬ 
ments exist in exactly the proportions required to form water (I MM, namely 
1:8. In wood, the hydrogen is slightly in excess of that ratio, and the excess 
steadily increases until in anthracite it is proportionate^ verv large. In the former, 
the ratio is nearly 1 : 7, whereas in the latter it is roughly 1:1. 

These facta are significant, and enable us to arrive at a basis for properly 
classifying the various non-asphaltic pvrobitunions 






CHAPTER V 


ANNUAL PRODUCTION OF ASPHALTS, ASPHALTITES AND 
ASPHALTIC PYROBITUMENS 

World Production. Deposits of natural asphalts have lx>en discovered in all 
parts of the world. Table XVIII, compiled by the Department of Interior of the 
U. S. Geological Survey, shows the total production of all forms of native asphalts 
(including pure and rock asphalts), asphaltites and asphaltic pyrobitumens, from 
1906 to 1916 inclusive, as far as reliable statistics are available. 1 

Trinidad produces the largest quantity of native asphalt, Italy comes next, 
then Germany, United States and Venezuela. In the al>ove statistics the ouput 
of petroleum asphalt is not included. 

Production in United States. The annual production of native asphalts, asphal- 
tites, asphaltic pyrobitumens, and petroleum asphalt in the United States is shown 
in the Table XIX. 

From this it will be observed where as the production of native asphalts remained 
fairly constant from the years 1897 to 1917, the production of petroleum asphalt 
has been steadily increasing. During the bust few years, the advent of petroleum 
asphalt manufactured from Mexican crude has become quite a factor. 

The production of gilsonite and gruharnite have not varied greatly during the 
last eight or nine years. Wurtzilite is not an important factor in the asphalt 
industry. 

The figures in the preceding table, under the head of “Native Asphalts," com¬ 
prise rock asphalts, including asphaltic sandstones and limestones, together with a 
small proportion of pure native asphalt. The production of the last named is 
relatively unimportant, and has not therefore been segregated. 

The accompanying diagram (Fig. 24) shows the production of native asphalts 
(including rock and pure asphalts), asphaltites, asphaltic pyrobitumens and manu¬ 
factured asphalts (petroleum asphalts made from domestic and Mexican crudes), 
together with the imports of crude asphalts into the United States from the years 
1880 to 1917 inclusive. 

In 1917, the production of petroleum asphalt from domestic crudes amounted 
to 701,809 short tons, including 871,067 tons of residual oil used either for road 
sprinkling or as a flux for softening harder asphalts, and 327,142 short tons of residua! 
asphalts. These figures show a decrease of 29,3(2 tons in the production of road 
oils and fluxes, and an increase of 42.N17 tons in the output of residual asphalt, jus 
compared with 1916. 

In 1917 the output of petroleum asphalts from Mexican crudes amounted to 
645,613 short tons, including 307,128 tons of road oils and fluxes, and 338,485 tons 

,n Asphalt, Related Bitumens, and Bituminous Rock in 1917,” by John I) Northrup, t’. S Geol. 
flurvey, Wash . I) C Oct 22, I91N 
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In California the native asphalts consist chiefly of bituminous sandstone from 
Santa Cruz and San Luis Obispo Counties, together with a small quantity of bitu¬ 
minous limestone produced in Santa Cruz County. In Kentucky the principal native 
asphalts consist of bituminous sandstone mined in Edmonson and Breckinridge 
Counties. In Oklahoma, the principal output is composed of grahamite from two 
localities in Pushmataha County and one in Atoka County, also bituminous sand¬ 
stones produced in Pontotoc and Murray Counties. The principal products of Utah 
include gilsomte, wurtzilitc and ozokerite, together with a comparatively small 
quantity of bituminous sandstone. In the year 1917 there was only one deposit of 
native asphalt operated in the State of Texas, consisting of an asphaltic limestone 
near Cline, in Uvalde County. 

A comparatively small quantity of asphalt-bearing shale was mined in the western 
part of the State of Colorado during the year 1917. This was used only for exjwri- 
mental work, and promises greater development. 

Ozokerite deposits have been exploited in Wasatch County, Utah, and the prospects 
of their further development ap|»ear to be encouraging. 

Imports. The asphalts itn|>ortcd for consumption in the United States during 
the years 191S to 1917, are shown m the following table: 
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Exports. The following statistics show the asphalts exported from the United 
States during the years 1912 to 1917. segregated according to the unmanufactured 
and manufactured varieties. 
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Consumption of Asphalt in the United States. Fn»m the foregoing figures. H w 
tiossiblo to approximate the quantity of asphalts consumed in the UniO-d States, 
by deducting the quantity exported from the sum of the quantity marketed from 
domestic sources find the quantity imported. On this basis, the consumption of 
asphaltic materials both m the native and manufactured states m 1017 amounted 
to 1 586,105 short tons, as compared with 1,166,095 short tons in 1016, and 1,224,037 
m 1015. These figures should merely l>e regarded as a rough approximation. Un¬ 
fortunately, corresponding statistics i>ertauiing to other countries are not available. 





PART II 


SEMI-SOLID AND SOLID NATIVE BITUMINOUS 
SUBSTANCES 


CHAPTER VI 

METHODS OF REFINING 

Dehydration. Most native asphalts contain more or less moisture, 
which may 1 h; present either accidentally as hydroscopic moisture, or 
in the form of an emulsion. Trinidad asphalt is an example of the latter, 
in which atx>ut 29 per cent of water is emulsified with the asphalt and 
clay. 

Before the asphalt ran be used commercially, this water or moisture 
must be removed. The process by which this is accomplished is known 
as “ dehydration.” The expulsion of water is brought about by heating 
the asphalt in a suitable open container constructed of iron or steel, 
which is built in two types; viz.: 

(1) Semi-cylindrical. 

(2) Rectangular. 

In either case the top is left open so that the water may be expelled 
readily. In modern plants, the heating tanks are built to contain between 
10 and 30 tons of the crude asphalt. 

The heating is effected by one of two means: 

(1) By direct fire heat, in the form of .a combustion chamber underneath the 
tank, enclosed in fire bricks. Three kinds of fuel are used for this purpose, de¬ 
pending upon which is most readily obtained in the locality where the asphalt 
is to be refined: namely, coal, oil, or gas. Coal is burnt on a grate; oil is usually 
sprayed into the combustion chamlier by compressed air or steam; and natural 
or producer gas is introduced through a suitable type of burner. 

In any case, the best practice consists in protecting the Imttom of the melting- 
tank by a fire-brick arch work, so that the hot gases are compelled to circulate 
back and forth. This sidijecta the bottom of the tank to a more uniform tem¬ 
perature, and tends to prolong its life. At the same time, it economizes fuel by 
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moro thoroughly extracting the heat from the hot ganea, due to the increased area 
of contact with the Ixrttoin of the tank. In some installations, fhc products of 
combustion an* caudal to zigzag Imck and forth under the melting-tank several 
times, to accomplish this more effectively Some recommend the use of a perforate! 
linck arch to distribute the hot gases uniformly and prevent the I tot tom of the 
tank from being overheated locally. 

Fire melting-tanks an* usually «emi*cylii»drit M »l in form, although sometimes 
they may In* rectangular at the top, with a senii-c>hndneal Ixittoin (hg 25) 



Side Elevation End Elevat.on 


Fn; 25 Steel Melting 'lank. 


(■>) liy means of steam. In this os.- tli<- heating in efTrchsi hv mils of 
p.pcs rontiiined m the tank. One mid onc-ipinrler to li-m « ,,n- K . n. r.d y 
!,id for tins purpose. According to the l«-t practice, these ore Is'l.l u. - >d 

romjKised of a continuous U*n K tl. of P ».tl.o..t mu.or Jomts An.. herui»; >"< 

consets in using rust-iron hruders «.th straight huigths of U or U-m miss 

““ pressures Mwivn ,25 and .SO ». This w.. the tem¬ 

perature of the asphalt to M) or 100" K Kleai.i hits the advantage over fire 
heat in not coking the asphalt, which would tend to insulate the MU,m, induce 
local overheating, nod burn out the tank u. a comparatively short tune 

The time of heating ran lie reduced materially by agitating the asphalt mechan¬ 
ically, Slncc the transfer of heat through a mass of asphalt is very slow, flu, 
agitation may be accomplished: 

(1) Bv iets of dry steam which should he introduced after the temperature of 
the osphult 6 hecomra sufficiently high to prevent condensation, and thus avoid 
excessive foaming. 1 


(2) By jets of air. 

(3) By mechanical agitators. 

. U S. Pat 512.404 of Jan 9, 1804, to R. D. Upbatt. 
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During the process of dehydration, the mass is apt to froth when the temper¬ 
ature is raised lieyond the boiling- point of water. For this reason, it is well to 
build the tanks large enough to accommodate the foarn without danger of over¬ 
flowing. Shallow Links are preferable to deep tanks. 

Certain types of asphalt are most difficult to dehydrate, as they foam very 
badly. Numerous devices have been used to keep dowrn the foam, the simplest 
and most successful consisting in directing a current of hot air against the surface 
of the asphalt while it is lieing melted. 

The use of steam accelerates the eva{>oration of the more volatile constituents 
in the asphalt, and is therefore apt to cause a greater shrinkage during the dehy¬ 
dration than when air or mechanical mixing is used. On the other hand, air is 
apt to “oxidize" the asphalt and increase its fusing point, especially if its use is 
continued for long periods of time (see p. 3f>0) 

Any impurities such as vegetable matter, chips of wood, etc., which rise to 
the surface when the asphalt is melted should Ih* skimmed off When the asphalt* 
is thoroughly molted and the foaming ceases, the dehydration is complete. It is 
usually unnecessary to raise the temperature of the asphalt higher than 350° F. 
The dehydrated asphalt may !<* discharged. 

(1) By a valve at the bottom of the tank, permitting the asphalt to flow out 
by gravity. 

(2) By a rotary pump which may either be steam-jacketed or surrounded by 
a steam coil in close contact with the pump, the entire installation being well 
insulated. The rotary pump is usually installed above the level of the asphalt, 
and the intake pipe extended almost to the bottom of the heating-tank. 

(3) By meuns of a pneumatic lift, installed Mow the Ixittom of the tank. 
The asphalt is allowed to flow by gravity into the pneumatic lift, which, by a 
suitable mechanism, automatically shuts off the flow when it is filled, and then 
admits compressed air, forcing the asphalt upward through the discharge pipe 
The pneumatic lift may either be steam jacketed or heated with a steam cod as 
described. 

Asphalt may Ik* pumped through pipe lines for distances of fiOO feet or more 
To effect this it must be maintained in a melted state 'I’liis is accomplished by run¬ 
ning a steam pi|H» of small diameter inside the pipe carrying the asphalt. The ou'er 
pipe should be well insulated. 

Sedimentation. This process is used to separate the water where it 
is present in substantial quantities, as well as any coarse particles or lumps 
of mineral matter. It can only lie used successfully with asphalts or 
other forms of bitumen melting below the boiling-point of water (212° F.), 
and not carrying the water in an emulsified state. The asphalt is main¬ 
tained at a temperature not exceeding 200° F. by any of the devices 
deserilied under “ Dehydration,” and allowed to undergo a process of 
“ Sedimentation,” whereby the entrained water and coarse mineral matter 
settle to the bottom, leaving the purified asphalt on top. The latter is 
then carefully drawn off. 1 Steam heating is most satisfactory for this 
purpose. 

i U S Pm 580,592 of Apr. 13. 1897, 111 J t Bril 
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In Home cases onlv a (torlion of the water separate* hv set!imentnlion, whcre- 
U|x»n the prtxess is supplemented by one of <leh\ drat ion The sedimentation will 
remove most of the water ami has the advantage of materially shortening the 
dehydration process. A combination of the two processes will thus prove more 
effective than the use of either one alone 

Since water usually has a higher specific gravity than melted asphalt, it tends 
to settle to the !*>ttorn of the vessel containing it This invariably proves to lx* 
the case with the softer forms of native asphalt 

Extraction. Two media have Uh*ii used for this purjxvse, namely 
water and volatile solvents. As the methods me entirely different, they 
will be considered separately. 

Extraction tnj Mains of Water This method has l>een list'd with 
n ore or less success for extracting asphalt from asphaltic sands, sand¬ 
stone and limestone. It is based on the principle that water has a higher 
sjH'cifie gravity tlum the melted asphalt, and a lower gravity thnn the 
accompanying mineral matter, so that when I toiled together, the melted 
asphalt will rise to the surface and the mineral constituents settle to the 
bottom 1 

1*o \icld successfully to this method, the rock asphalt must possess the fol¬ 
lowing characteristics 

i|i The asphalt present in the rock should have a fusing-|>omt of not exceeding 
90 !• iK A’ S method Test loo I 

,2> 1 lie particles of mineral matter should In* unconsolidated. 

Oil I'he grains of mineral matter should Is* fairly '-oarse to enable them to 
settle rapidly 

K\|M>rience lias shown that when the fii'-irig-jxunt of the asphalt contained m 
the rock is higher than 90’ I- . lolling water will not effect a thorough separation 

A spot linen of asphaltic sand obtained near Woodford, Okla , carrying approx- 
imatelv 12 jmt cent of asphalt and SK jx*r «ent of sand m the form of l<x»sc, 
rounded grains lx 1 tween 10- and S0-mes|i. separated l.orU completely on Isuling 
with water The pure asphalt showed a fusing-pomt Ixdween 05 and 70° F 
(See p ‘HI ) 

Another asphaltic sand obtained near Fort Mc.Murrav, in northern Alberta, 
carrying approximately I. r » jx»r cent «»f asphalt and 85 |x>r cent of non-compact 
sand, between 40- and 100-mesh, likewise largely separate^ on Isiilmg with 
water The fusing-|K>mt of the pure asphalt was 50° I** (See p. 100 ) 

The same was true with an asphaltic sand carrying 17 jx-r cent of asphalt 
obtained from a dejxisit 40 miles northwest of Edmonton, and 12 miles north of 
Onoway. In this case the pure asphalt fused at 02° F. 

A Mexican asphaltic sand carrying 10 |x*r cent of asphalt also separated com¬ 
pletely on boiling with water, the fusmg-|xant of the pure asphalt lx*ing 78° F. 

On the other hand, certain asphaltic sands obtained from various localities 
of Oklahoma, carrying Ixdween 10 and 15 jx*r cent of asphalt refused to separate 

1 and M%mrah, Mar, 1901, " Refining Method* ua»i! by Tar Spring* Anphnll Co, Tar 

Spring*, Okla'', Eng ,f- Mm J , I)<< 17, 190.1. ' Aupbalt Mining and Refining in Oklahoma," 

by W K Crane 
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on boiling with water. The fu8ing-|>oints of the pure asphalts were found to 
l>e 113° F., 118° F., and 127° F. f respectively. The particles of the sand were 
substantially similar to the preceding, ranging lietween 40- and 100-mesh. 

, Plants for the water-extraction of asphalt from rock asphalt have been in opera¬ 
tion in Oklahoma (sand asphalt); Texas (asphaltic limestone); Alberta, Canada 
(sand asphalt); Pechelbronn, Alsacc-Ixirraine (asphaltic limestone); Scyssel and 
Bastennes, France (asphaltic limestone); San Valentino, Italy (asphaltic limestone); 
und Tataros, Austria (asphaltic limestone). 

According to S. C. Ells: 1 

“The results when hot water and steam have l»een used have liecn most encouraging. 
A fairly rapid and comparatively ine\|iensive separation has been (xxssible, but 'n actual 
commercial practice the extraction has not. 1k*cii sufficiently complete. Summarizing 
all evidence available to the writer, it ap|s*ars that as at present understood, the use 



Flu. 2t>—Apparatus for Separating Soft Asphalt from Sand by Means of Water. 

of hot water or steam, or a combination of the two, will not give a commercial extraction 
of more than tit) per cent of the bitumen contained in average bituminous sand rock 
In attempting to secure a higher |>ercentnge extraction, a disprojiortionate increase m 
cost will probably result " 

The machinery for extracting asphalts with water forms the subject matter of 
various United States Letters Patent.* 

A cross-sectional diagram of an apparatus which gives fairly successful results is 
shown in Fig. 2ti. A view into the top of this extractor is shown in Fig 27. The 
separated asphalt must Ik* treated in accordance with the methods descrilied under the 
heading “Dehydration.” to separate the water which is mechanically carried along 
with it. If the process has lx*en jK*rformed projierly, the purified asphalt will not con¬ 
tain more than 5 to 7 per cent of mineral matter. The water-extraction process 
also is used for purifying ozokerite (see p. 75). 

* "Prriiminnry Report on the Hituminoiw Sandi of Northern Albert*." Dept, of Mine*, 
Ottawa, Canada. 1914. 

* 665,41 a, Aug. 7, 1900, to Jacob Philippi; 722,500, Mar. 10, 1903, to J 8. Downard and 
B. A. Holoaon; 918,828, Apr. 20, 1900. to George M. Wiliia. 1,190,633, July 11, 1916, to C. 
L. Cook and J. R. Price. 
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Extraction with Solirnts. Cnrlion disulphide, iietroloum distillates 
ami lienzol have W>en used for this puri>oso. This method has not. proven 
successful commercially, on account of its exiiense. Several plants have^ 
been constructed in the United States for extracting asphalts from asphal-' 
tic sands and sandstone. The Alcatraz Asphalt (‘o. of Alcatraz, Cal., 
erected an elalsirate plant for treating rock carrying 10 to Hi |»‘r rent of 
asphalt. The venture, however, proved a failure through losses in solvent 
(a light distillate of |ietroleum), which made the cost of treatment pro¬ 
hibitive The loss was due in part to unavoidable evn|siration during 



Fit; 27 1 stoking into the Top of th<* Kxt meting Apparatus. 

the extraction process, also to the impossibility of fully recovering the 
solvent from the extracted asphalt. 

A manlier of patents have l>een taken out covering the use of solvents: 1 

The solvent extraction process has Itccn used successfully for recovering inontan 
wax from lignite at Thuringia, Saxon\, also from the mineral pyropissito, which 
is found associated with lignite at Weihsenfcls, near Halle, (lermany Benzol is 
generally used for this purjHise, although in certain eases jietroleuni distillate* 
have given good results 1 

1 452,764 of Mav 19, lH01, to Fred Salat W* 581,54ft, of Apr 27, 1897, to H A Kraach, 
617,22ft of Jan .1, 1*90 to A S Coop, r 017,712 of Jan 17, IM>9, to A F I. Hell, 655,430 of 
Aug 7. 1900, to A F I, Bell. 1,060,010 of Apr 29, 1013, to 8 It Murray and (3. K MrDormand. 

»G«r Pata 99,506, 101,373. 116,453. and 204.256. 








CHAPTER VII 
MINERAL WAXES 

OZOKERITE 

Ozokerite is a native mineral wax, composed of the higher mem¬ 
bers of the (' D Il 2 n+ 2 , and C»1E„ series of hydrocarl ions. It occurs 
in deposits usually associated with petroleum. Certain varieties carry 
a proportion of petroleum in solution with the wax, and the more 
petroleum present, the softer the consistency and lower the fusing-point. 
Ozokerite as ordinarily found is fairly hard, and has a comparatively 
high fusing-point, ranging from lf>0 to 180° E. The fusing-point has been 
recorded as high as 200° E. (K. & S. method). Ozokerite containing 
between 10 and 15 per cent of petroleum in solution, shows a fusing-point 
between 140 and 150° E. The petroleum can readily be evaporated by 
applying a moderate degree of heat, and is expelled during the refining 
pro"ess. 

The color of ozokerite depends upon the nature and extent of the 
impurities present, and ranges from a transparent yellow to a dark brown. 
In rare instances, ozokerite occurs in a dichroic variety, showing a dark 
green color by reflected light, and a pure yellow by transmitted light. 
It breaks with a couchoidal fracture, and has a characteristic waxy lustre. 
Its streak on porcelain varies from a transparent white to a pale brown. 

Ozokerite is usually found tilling veins or fissures, which are very 
irregular in structure, varying from a fraction of an inch to about, two 
feet, in thickness. Some extend for comparatively long distances, whereas 
others pinch out very suddenly. The veins are usually caused by faulting, 
which accounts for their irregularity and gives the vein the appearance 
of a series of pockets. (See Eig. 21.) The indications are that the 
ozokerite enters the faults or veins from below, which is borne out by 
the fact, that the material mined at a depth is materially softer and 
has a lower fusing-point than that obtained near the surface. 

Ozokerite may occur in a pure state (comparatively free from mineral 
matter), which proves to be the case when it is found in vein form, or it 
may lie associated with sandstone or shale. In fact, it is quite common 
for the entire region surrounding the vein to lie saturated with ozokerite. 
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A paraffinaceous petroleum almost invariably occurs in the strata 
Underlying the ozokerite, which would seem to indicate that the latter 
must have l>een produced by the slow hardening and probably also the 
oxidation of petroleum throughout centuries of time. Ozokerite, itself, 
however, is practically free from oxygen. In this particular case, there¬ 
fore, the effect of oxidation is to eliminate hydrogen, and form hydro¬ 
carbons of higher molecular weight (see p. 575). 

The petroleum underlying the ozokerite usually contains from 8 to 
12 |**r cent of paraffine, which, however, is entirely different in its char¬ 
acter from the hydrocarbons contained in the ozokerite. This proves 
conclusively that ozokerite is not formed merely by the evaporation of 
petroleum, but must have been produced by a process of metamorphosis 
or |H)lymerization. 

On distilling at atmospheric pressure, o/oKer.te <leeom|H)ses, whereas when it is 
distilled under reduced pressure, its coin|M»sition changes hut little 

Ozokerite as it is mined is assorted hv hand picking to separate the pure 
material from that associated with earthv matter The latter, which is known as 
‘'wax-stone,” is broken up to remove :m\ lumps of rock and purified hv extrac¬ 
tion with water (mm* p 72' 'flu* method used for this pur|H>se is very crude, 
and consists merelv m Isiihng the wax-stone with water hi large open kettles 
The sandstone or shale separates to the hoi tom and the melted ozokerite floats 
in a Inver on the surface, wlicicu|K»n it is skimmed off, I toiled to rvajtonite the 
water and east into him ks The lomiiitTcial material is comparatively free from 
mineral matter, rarely containing over 2 per cent 

Ozokerite may Is* ictmed *«till further hv heating to 120 2(H)' 1 C, with 20 per 
cent h\ weight of concentrated sulphuric acid I his bleaches the o/nkcritc, foiming 
a product almost white m color, known as ‘‘cercsine " Itoiii 10 to 15 per « cut 
of the o/okeiitc is lost during tin* treatment, hut the fusing-|snnl of the product 
is increased The final traces of acid an* removed and the bleaching process com¬ 
pleted hv ailding from 5 to 12 |s*r cent of dry residue obtained fiom the manu¬ 
facture <»f "ferroeyaiudes ” The main dilTercnces lictwccn ozokerite and cercsine 
are in the color and fusmg-point 

Ozokerite and cercsine are umm| hi the manufacture of high-grade candles, 
colored lead js-neils, for finishing olT the heels and soles of shoes, manufacturing 
shoe |M)lishes, electrical insulating purposes, and waxing floors They are readily 
soluble in tur|M*i»tiue, fietrolcum distillates, carlsm disulphide, and lienzol, hut 
scarcely soluble in alcohol 

Purified ozokerite and cercsine comply with the following characteristics: 


(Test 1’* Color in mtiSH 
< I eat 1 1 I rie inn 
\ leal ’>* I uniii 

(Tint «*) Streak 

i leal 7) Spciifii inavit* at 77 c !• 

t Trat M.j) Har'IraiNt. M**ti a arale 

(Teat 9b) Penetration at M° F 
Penetration at 77° h 
Penetration at 11.1° F 


White to \elloW l<i lirown 
( on* honlal 
t)nll to " waxy” 

Trannimient white to >’cllow 
0 *.'» 1 00 
I.it* than 1 
0 

2<» an 

150 250 


The number* refer to teata. winch are ilearritxsl in detail in Chaptera XXVIIt to XXXI. 
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(Test tic) Consiatometcr hardness at 32° F 
Consistonicter hardness at 77° F. 
Conns tometer hardness at 115° F 

(Teat Od) .Susceptibility factor . 

(Teat 14a) behavior on melting. 


(Test 15a) Fusing point (K k S method) 
('Vest 10) Fixed carbon 
(Teat 21a), Soluble in carbon disulphide 
(Teat 21 ft) Non-mineral matter insoluble 
(Teat 21c) Mineral matter 
(Teat 22) Carbones 
(Test 23) Non-mineral matter aoluble 
naphtha 

(Teat 2(1) Carbon 
(Test 27) 

(Test 2M) 

(Test 2*1) 

(Teat 30) 

(Teat 33) 

(Teat 35) 

(Test 37) 


.Above 100 
20-40 
5- 15 

. ... Greater than 80 

.Pauses rapidly from a solid to a 

liquid state, melting to a very 
thin liquid of comparatively 
little \ iBcosity 
. . 140-200° F. 

1 ' 10 % 

05- 100% 

0 - 1 % 

0 5% 

0 3% 


in petroleum 

75 05% 
84 8ti% 

Hydrogen Hi 14% 

Sulphur 0 1 5% 

Nitrogen 0 () 5% 

Oxygen 0 2% 

Solid paraffine wax 50 00% 

Siilphonution residue, 300 350" C distillate 00 100% 
Saponifiable constituents 0 2'',', 


Wry often these products are adulterated with paraffine wax, rosin, tallow, 
stearic acid or mineral fillers (such as title, kaolin, gypsum, etc.). These may be 
detected as described on page .544. 

Ozokerite occurs in the following localities: 1 

Galicia. The most, important ozokerite deposits are found in the 
( arpathian Mountains in the districts of Drohohycz (comprising Bory- 
slaw, Wolanka and Truskawiec) and Stanislau (comprising Dwiniaez, 
Straunia, Wolotkow and NiebvlOw). The largest dcjjosit is located at 
Boryslaw, a small town in Galicia, and has been exploited since about 
1859. It is found at some depths lielow the surface, associated with 
schist and sandstone, and it is mined by means of shafts and galleries. 
About 1500 shafts have been sunk in the district. 

The following varieties of ozokerite are recognized in the Boryslaw district: 

(1) Marble Wax is very hard, of a pale yellow color, with greenish, brownish 
and black markings, giving it the api>carance of marble; 

(2) Hard Wax is darker in color than Marble Wax and shows a granular 
fracture; 

(rt) Fibrous Wax is characterized by its fibrous structure; 

(4) Bagga is very dark in color, and has a comparatively low- fusing-point; 

(5) Kindebal is characterised by Wing soft, of low fusing-point and a black 
color. It contains petroleum and mineral matter. 

1 “A Treat 1 m on Osokeritr," by K b (baling, School of Mine* Quarterly, II, 41 , 1894 , “Dug 
Erdwaohs. Osokerfte umi Ceraem," by fterlinerblau, 1897, " Der Erdwacliabergbau in Boryslaw," 
J. Muck, 1903, "Mineral Waxes,” by Rudolf Gregorius, 1005, "Das Wachx und seme techniuche 
Verwendung." Ludwig Sedna. 




MIX KltAK WAX ICS 




(6) Blower Wax (Malka) »< a pale yellow variety of ozokerite which i« nqueezcd 
out of the veins due to pressure of the surrounding rock**; 

(7) Ix*p is a variety of ozokerite associated with a substantial profwrtion of mineral 
matter. 

The dejxisit at Wolanka i> smaller than that at Boryslaw The occurrence at 
Truskawiee differs from the others by the presence of a comparatively large |mt- 
centage of sulphur 'l’he ozokerite in this locality is associated with native sul¬ 
phur, lead sulphide, gypsum, and jietroloum 

At Dumiaez, Strauuia and Wolotkow, about 70 miles south of Boryslaw, the 
ozokerite veins are located some diMnm-e U*low the surface, m Isals of clay betw«*en 
layers of shale Considerable o/okerile has Icon mined in tins district, and par¬ 
ticularly at Dwimacz. The veins \ar\ m M/e from 1 in to alsiut 1 ft. 'I’he rock 
in the vicinity of the veins is impregnated with wax containing an average of 
2 jK*r cent 

Rumania. l)e|>osits of ozokerite tin* also found in a spur of the Car¬ 
pathian Mountains in the province of Moldavia in Rumania. It has 
been mined m several localities, the 1 2 largest \cin occurring in the City of 
Slanik, beneath a bed of bituminous shale, associated with a vein of 
eannel coal. This dcjHisit is characterized by its high fiiHing-jHiiiit, 
in the neighliorhood of 200° F. (K cfc S. methcHl). 

Russia. Small de|K>sits occur in Transcaspian Province on the north 
slofie of the Caucasian Mountains at Kouban, also on the Islands of 
Swajtoi and Cheleken in the Caspian Sea. 'I’he larges! deposit in Russia 
occurs at the last named place accompanied by petroleum in strata of 
clav and chalk. 1 Minor dejxisits arc* also said to occur at Baku. 

United States. The most impoitant deposit occurs in Wasatch 
County, Utah, near Colton m Utah County, 1 ' m a 1 m*<I of oil shale. 'I’he 
veins extend from about two miles west of < olton to within a few hundred 
yards west of the railroad station ol Soldier Summit, or a total distance 
of twelve miles. These oil shales cnerhe a 1 x*< 1 of clay in which the ozo¬ 
kerite occurs. A |HM’tiliar feature of this dc|>osit is the occurrence of fossil 
shells together with other animal remains. The veins have been worked 
during 1910, about I tons having Ik*oii mined, and part of the output re¬ 
fined and marketed in the form of cercsinc. The* following analytical 
results have been rc|M>rtcd: , ‘ 

\'l 1>M I I < «>I«T Ul 
'I rut l! FrH'Cllf*- 

■ I.uhIk 

i (rut 6) Strrak 
(Tint 71 S|>«iihr nraMC> aC 77” I 

1 " Th<- 0»ok«Tits Imluatry on tin* Inland of C’hi-lfkrn," Petroleum H othl, 14 , 13B, 1917. 

2 "Thi* Oiokmtr Oi-poMlx of Solder Siiuntnl, Utah,” l»y W C IliKpinn, Salt Lnk* Min Hrt., 

It, 17. 1916, "Oiok'Tito in Ctnh.'' I O Howard, Mining Set lit, 909, 1916. 

Ind Eng Ch<m . », 97 A, 191J 


^ rllouirh brown 
Coin lionlal 
Dull 

\rllow 

0 S91 
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(Test 9a) H&rdneM, Moh's scale. Leas than 1 

(Test 96) Penetiation at 77° F. 30 

(Teat 16) Volatile, 212° F., 1 hr . 0 0% 

Volatile. 325° F., 7 hra. 45 41% 

Volatile. 400° F, 7 hra . 65 2% 

(Teat 19) Fixed carbon. 9 6% 

(Teat 20) Distillation teat: 

0-150° C. 0 21% 

150-200° C . 8 91 

200 250° C . 8 38 

250-300“ C .17 69 

300 350° C 25 89 

350- 400° C . 26 85 


Total \olatile . 78 93% 

Nonvolatile (fixed carbon and ash) . 10 07 

Total . 100 00% 

(Test 21a) Solubility in carbon disulphide . . 99 46% 

(Test 216) Non-nuncral matter insoluble 0 50% 

(Test 21c) Free mineral matter 0 046% 

(Test 22) Insoluble carbon tetrachloride 2 51% 

(Test 23) Soluble in 62° naphtha 81 71% 

(Test 24) drams soluble in 100 grams of the folio whir solvents 
(cold). 

Amyl acetate . 1 

Amyl alcohol Insoluble 

Amyl nitrate 7 

Aniline Insoluble 

Tlenzol 18 

Carlmn disulphide Soluble in all proportions 

Carbon tetrachloride Soluble in all proportions 

Chloroform Soluble in all proportions 

Kthyl acetate I 

Kthvl alcohol Insoluble 

F.thvl ether 13 

Naphtha, 62° 7 

Nitrobenzene Insoluble 

Propyl alcohol Insoluble 

Toluol \er> soluble 

Turpentine \en soluble 

(Test 26) Carbon 85 35% 

(Test 27) llvdroirert 13 86% 

(Test 28) Sulphur 0 29%. 

(Test 29) Nitrogen 0 36% 


At Thrall, Texas, in the so-called Thrall Oil Field, another deposit has been 
reported. The crude material is soft, due to the petroleum associated with it, 
and of a dark brown color It has a strong odor of petroleum, and a specific 
gravity at 77° F. of 0.875. On lining heated to 100° C., it loses 14.72 per cent 
in weight, and at 180° (\ a total of 28.14 per cent. On being freed from petro¬ 
leum, it shows a fusing-point of 175° F. 

HATCH KTTITE OR HATCHETTINE 
The above names are assigned to a soft variety of ozokerite fusing in the 
neighborhood of 120° F. (K. and S. method). It varies in specific gravity from 

» /. lnd. Eng. Chem , 8, 1095, 1916. 
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0.90 to 0.98 at 77° F., and haa a yellowish-white, yellow or greenish-yellow color. 
It waa named alter C. Hatchett, an English chcmiat (1765-1847). It ia found 
near Merthyr-Tydvil in Glamorganshire, England, also at Loch Fyne in Argyl- 
shire, Scotland. 

SCHEEHERITE 

A native wax found in a hod of lignite near St. Gallon, Switaerland. It 
occurs in the form of crystals tmonoclimc) and of a white, gray, yellow, green or 
pale reddish color. It ia more or less translucent to trans|iarrnt, and haa a waxy 
feel. It is composed chiefly of the niciiilwra of the |>araffine aeries, and fuses at a 
temperature of 110-115° F. 


KARAITE 

This is a waxy hydrocarlwn similar to osokerite or seheerente, which has 
been found in meteorites. It is only of scientific interest anil has no commercial 
importance. 

MONTAN WAX 

As stated previously, montan wax is dissolved from certain non- 
nsphaltic pvroliitumens liy mentis of volatile solvents. The lignite or 
pyropissite is first dried, then granulated, and finally extracted. The 
extract is evaporated to recover moat of the solvent. The last traces 
of solvent are exiielled from the montan wax by distillation with steam, and 
reeondensed. The crude wax differs widely according to the source, 
Thuringian lignites yielding a hard and brittle wax, whereas Bohemian 
lignites yield a softer product. 

Ninety per cent of the montan wax present in the lignite is removed 
in this manner. Aliout 10 to 15 jrer rent of the solvent is lost, but the 
high price obtainable for montan wax renders this permissible. Usually 
8 to 10 per cent of montan wax is extracted from Thuringian lignite 
based on the dry weight of the latter. In exceptional cases, as high 
as 20 per cent has lieen obtained. Pyropissite yields tietween 50 and 70 
per cent of montan wax based on its dry weight. Unfortunately, the 
supply of pyropissite is largely exhausted. 

According to (Iraefe, 1 the following percentages of montan wax are 
extracted by benzol from the dried minerals; 


Bohemian Lignite 1 29% 

Texas Lignite . 2 07% 

Lignite from the region of the Hliinc.4.70% 

Lignite from Vladivostok. 5.38% 

Lignite from Thuringia, Saxony . 9.03% 

Pyropissite .69.50% 


"Br*unkohl*ntf‘f'r-In(iu*tri»*," HaJle. 1W*. 
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The montan wax industry is not practised in the United States, but 
is localized in Saxony. 1 

Montan wax contains esters of acids possessing high molecular weight, free acids 
and a small quantity of substances containing sulphur. Various formula; have been 
assigned to it, including Ci«H»0, C»Hi*()i, CwHyA, and C«H*iO. 

At ordinary temperatures it decomposes when distilled. It may, however, be 
purified by distilling with superheated steam in vacuo. In this manner the fol¬ 
lowing products are obtained: 

(!) Pure odorless montan acid; 

(2) Refined montan wax; 

(3) A bright yellow wax containing paraffine; 

(4) A residue containing paraffine; 

(5) An acid-free cable pitch. 2 


On heating with glycerine, an ester is obtained which has a much higher fusing- 
point (in the neighborhood of 200° F.). 

Commercial montan wax complies with the following characteristics: 


(Tint 1) Color in man*. 

Crude montan wax. . . Dark brown 

Product obtained by distillation in vacuo . Almost white 

(Test 4) Fracturo. ... Conchoids! 

(Test 8) Lustre. .Waxy 

(Tost 6) Streak on porcelain. ... Yellowish brown to white 

(Test 7) Specific gravity at 77° F . . 0 90 1 00 

(Tost 9c) Hardness at 77° F. (consistometir). .. Above 100 

(Test 9d) SuHceptibilitv factor > 100 

(Test 10) Ductility at 77° F. ... ,00 

(Test 13) Odor on hpating Pleasantly aromatic 

(Test 14a) Behavior on melting Passes rapidly from *fae 

solid to liquid state 

(Test 18a) Fusing-point (K and 8 method) 170-200° F. 

N B —Montan wax obtained from pyropissite has a higher fusing-point 
than that obtained from lignite, namely, between 190 and 200° F. 

(Test 17) Flash point 550 to 575° F. 

(Test 19) Find carbon 2-10% 

(Test 21a) Solubility in carbon disulphide Greater than 98% 


‘"Montan Wax, and Its Behaxior on Distillation," J Marcesson and H Smelkus ( Chem. 7.fit 
41 , 129 and 150, 1917). According to Fieenreieh montan wax allows the following figures, when tested 
in accordance with uptrial methods dc\ited by him (Chim Her Frtt-Uarz-Ind , 18,211,1909). 


Saponification value ... 
Acid value 
Ester value . 

Acptyl arid value. . . 

Acetyl value. 

Unsaponifiablo. 

Iodine value. 


95 

93 

1.5 

93 

11 

29% (M.-pt. -146° F) 
12 


According to Marcusson (Chrm. Rrr. Fitt-Ilarz-lnd , 15, 193, 1908) montan wax tests as follows, 
when examined by the usual methods applicable to fats and oils: 

(Test 37o) Acid value. 

(Test 37e) Ester value. 

(Test 87d) Saponification value 


l Get. Pat. 260,697 of Mar. 29, 1911, 


. 29-33 
. 28-73 
. 50-85 
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(Teft 216) 

Non-mineral matter insoluble. 

0 -2% 

(Test 21 r) 

Miners! mailer . 

Lees than 2% 

(Teat 23) 

Soluble in 88° naphtha . 

80- 100%, 

(Test 24) 

8 o!ubility in ether and alcohol . 

"Only partly soluble 

(Test 28) 

Carbon. 

82 83|% 

(Test 27) 

Hydrogen. 

14-141% 

(Test 28) 

Sulphur. ... . 

Less than 1.5% 

(Test 29) 

Nitrogen. . 

Trace 

(Test 30) 

Oxygen . 

3-6% 

(Test 33) 

Paraffine . 

0 -10% 

(Test 35) 

Sulphonation residue . 

0 -10%, 

(Test 37) 

Saponifiable 

50 80'% 

(Test 41) 

Plato reaction. 

No. 

(Test 42) 

Anthraguione reaction. 

No 

Montan wax is used for manufacturing shoe polishes, 

phonographic records, dec- 


trical insulating materials, and the like. 












CHAPTER. VIII 


NATIVE ASPHALTS OCCURRING IN A FAIRLY PURE STATE 

Undkk this heading will he considered the most important asphalt 
deposits containing less than 10 per cent of mineral matter figured on the 
dry weight. These include exudations or seepages of liquid or semi¬ 
liquid asphalts, also surface overflows and lakes. Most of these are 
characterized by being liquid to semi-liquid at normal atmospheric tem¬ 
perature, and by containing a comparatively large proportion of volatile 
matter. Only a few of these deposits are of value commercially. 

The principal deposits are as follows; 

NORTH AMERICA 

United States 

Kentucky. 

Breckenridge County. The so-called "Tar Springs” situated about 4 miles 
south of Oloverport on Tar Creek, have been known for many years. They occur 
as seepages of pure, soft asphalt at the base of an overhanging clifT of sandstone 
where it joins a stratum of limestone. The asphalt is accompanied by water 
charged with sulphur comjiounds, and the surrounding rocks abound in marine 
fossils. 

Grayson County. Similar seepages abound along Big Clifty Creek and its trib¬ 
utaries, in the vicinity of Grayson Springs station. Some exude from sandstone 
and others from clay or shale. The seepages carry between 5 and 10 per cent 
of free mineral matter, the balance consisting of a very soft, “stringy” asphalt 
containing a large proportion of volatile ingredients and yielding about 15 per 
cent of fixed carbon. 

Oklahoma. 

Thero are only a few minor occurrences of pure asphalt found in the form of 
seepages in Oklahoma, including the following: 

Carter County. NE J, Sec. 10, T 2 S, R2 W; 10 miles north of Wheeler. 

Murray County. SW J, SE J, Sec. 15, T 1 S, R 3 E; 3 miles south of Sulphur. 

Neither of these has any commercial importance. 

Utah. 

Uinta County. A pure, solid asphalt is found in Tabby Canyon, a branch of 
the Duchesne River, 8 to 9 miles south and ytest of the town of Theodore and 
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about 30 miles west of Ft. Duchesne. It has been exploited under the name 
“ tabbyite” 1 and testa as follows: 

(Teat 4) Fracture. ... 

(Teat 6) Luatre. 

(Teat 6) Streak 

(Teat 7) Specific gravity at 77° F 
(Teat 9a) Hardness, Moh'a scale. 

(Test 96) Penetration at 77° F 
(Teat 9c) Consistency at 77° F 
(Tost 146) In flame 

(Test 15a) Fusing-point (K and S method) 

(Teat 16) Volatde matter, 325° F in 7 hnt 
Volatile matter. 400° F i:i 7 hra 
(Test 19) Fncd carbon 
(Teat 21a) Soluble in carbon disulphide 
(Teat 216) Non-mineral matter insoluble 
(Test 21c) Free mineral matter 
(Test 22) Carbenes 
(Test 23) Soluble in 86° naphtha 
(Teat 25) Carbon . 

(Test 26) Hydrogen . . 

(Teat 27) Sulphur 
(Test 28) Nitrogen. 

I'ndctcrimncd 

Boiddcr County. A pure viscous asphalt dejmsit occurs below the lied of 
Great Salt Lake, about 10 miles south of Ho/.cl, in the Prontintory Range * It 
is found in a series of horizontal veins 3 to 5 ft. thick interposed between lieds 
of day, continuing to a depth of at least 140 ft. It is highly probable that a 
lake of asphalt occurred at this point centuries ago, which in time became covered 
with sediments, giving rise to a series of veins. 

At the present time, masses of asphalt exude through the unconsolidated material 
at the bottom of the lake, and rise to the surface in lumps I to 2 ft. in diam¬ 
eter This occurrence corresponds very closely with the Dead Sea deposit (sec 
p. 130). On analysis, the asphalt tests as follows: 

(Test 4) Fracture 
(Tint 5) I,u"tre . 

(Teat 6) Streak ... 

(Teat 96) Penetration at 32° F (200 g in 60 wra ) 

Penetration at 77° F (100 g in 5 a* ca ) 

Penetration at 115° F < r >0 g in 5 a**ca ) 

(Teat 10a) Ductility at 77° F 
(T«at 16) Volatile at 300° K in 24 hr* 

(Teat 21a) Soluble in rarbon diaulphide 
(Teat 216) Non-mineral matter imtoluhl 1 ' 

( Teat 2\r) Free mineral matter 

California. 

Kern County. The deposits of asphalt occur in the so-called "Asplmlto Region" 
in the western part of Kern County, about .50 miles west of Bakersfield, in the 
form of large springs; also as veins. The character of the deposit varies greatly, 
both in consistency and purity. The superficial overflow covers an area of 7 

'J. Ind. Eng. CKm , I, 973, 1913. 

*"Oil and Aaphalt Proapertg m Sajt Lake Baain, Utah," Bull, No 260, U. H. Survey, 

Waah , p 473. 1905 


Conehoidal 
Very bright 
Black 
12 
50 
170 

70 rini, 

2 33% 

05 «»% 

1 H4% 

3 l«% 


Conehoidal 

Bright 

Black 

1 006 1 010 
I<e*a than 1 
0 

80 0 

Soften* and flows 
178° F 
2 78% 

6 40% 

8 OS 0 2% 

94 7 92 1% 

0 5 11% 

4 S 6 K% 

0 0 % 

61% 

82% 

11 % 

2 % 

3% 

-% 
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acre» in a layer 2 to 4 ft. thick overlying sand and clay. Part of it has hardened 
on account of exposure to the elements, and other portions are still soft and 
viscous. A vein of asphalt also occurs in the vicinity of the overflow, filling a 
fault, varying from 2 to 8 ft. in width, averaging about 4 ft. The nature of the 
asphalt in the vein is similar to that of the overflow. 

The asphalt carries from 3 to 30 per cent mineral matter, mostly sand and 
(■lay, also gas, which is evidenced by the fact that it loses between 5 and 15 per 
cent in weight on king heated to 212” P. for one hour. The run of the mine 
averages 85 per cent asphalt, 10 per cent mineral matter and 5 per cent moisture 
and gas. It is refined by heating, which drives off the water and gas and per¬ 
mits a certain amount of the mineral matter to settle out. According to Kichard- 
son the refined asphalt tests as follows: 


(Test 4) Fracture 
(Teat ft) Lustre 
(Test 6) Strunk 

(Teat 7) Spun fir gravity nt 77° F 
IT-81 06) Print rut ion at 77° K 
(Tost 1 ftd) Tumpurutiiru at whirh it flows 
(Tu«t 16) Volatile matter, 32ft® F. 7 hra 
Volatih inntter, 100° F , 7 hrs 
(Teat 19) F'xetl rttrbon 
(Tent 21a) Soluble in nirbon disulphide 
(Tent 216) Non-mineral matter luaolublu 
(Test 21c) Free mineral matter 
Total 

(Test 22) Carbones 

(Test 23) Soluble in 8S° naphtha 

(Test 34) Saturated hydrocarbons 


Sumi-conrhoidal 
Pnght to dull 
Black 
I 06 
0 27 
180° F 
6 6 % 

19 9% 

8 0 % 

89 8% 

3 4% 

6 8 % 

100 0 % 

0 3 % 

M 4% 

28 6% 


The asphalt resembles gilsomtc in its outward appearance, but is considerably 
softer yielding a smaller percentage of fixed earlmn Hielmrdson infers that the 
asphalt has been melamorphued only part way to gilsonite. 

This deposit of asphalt is mil being worked nt the present time, hut is of 
interest from the scientific view-|K)int. 

A sample of iKpinl asphalt taken from seepages in the so-called “MrKittrick 
Region, in Kern County, shows s|K>rific gravity at 77° F., of 0 09, and 10 per 

% 5 ix to 4000 K fnr —— >■ -—^ : 

SnntnHurbam Count,,. Veins of high-grade asphalt occur in La Oraeiosa hill, 
about 4 to 5 miles cast of the town of Oraeiosa in the so-called Santa Maria 

Region. I hose are irregular in formation, extending through shale and sandstone 

and varying from several inches to 2 ft. in width. Associated with these veins 

are bed of impregnated asphaltic shale, extending over an area of a mile or 

two and containing a variable percentage of asphalt. One of the striking features 
of he.se occurrences is the presence of marine fossil, in the veins and surrounding 
shale, indicating that the asphalt is of animal origin. K 

Son Luu Obis/m Count,j. A large surface deposit of soft asphalt produced bv 
seepage from the surrounding shale occurs at Tar Spring Creek, a tributary of 
the Arroyo Grande, 20 miles southeast of San Luis Obispo, covering an area o 
200 ft m diameter and 3-16 ft. deep. As it exudes from the shale the asphalt 
is soft and accompanied with sulphurous water; near the edge of the deposit 
‘"Modern Asphalt Pavement." loc.’cit., p, 206. 
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it appear* quit** hard, and at the edge it verges towards brittleness. No ana¬ 
lytical results are available. 

Oregon. 

Coo# County An unusual type of asphalt occurring in beds of coal has liecn 
reported at the Newport Mine at Libby, and Kerrey’s Mine at Riverton, in the 
Coo* Bay coal field It is hard ami brittle, aitd similar to coal in npiiearnncc. 
Aliout one-third of the non-mineral matter is insoluble in cnrltoti disulphide, 
yet the material fuses at a comparatively low temperature (nl*out .'MM'' K ), 
and has a specific gravity of less than 1 10 at 77° F It may Ik* regarded as a 
nietamorphized asphalt or a glance pitch It constitutes one of those sub¬ 
stances encountered occasionally, falling on the Inirdor line so t* it I«• comes 
a difficult matter to arrive at its correct classification For a long time it was 
known as a “Pitch Coal" 1 The following data would seem to indicate that it 
partakes of the pro|H*rties of an asphalt rather than of n glance pitch. 


(TVm tt Fra'tur** . Hackly 

:.l lu-in* K«irl> dull 

( |'< «t to Mu nk Hlack 

{Tot 7t S|h < itir xmii\ at 77° F * 1 

t*r<*si l»ii llsrdmm, Mob « Scale At»out I 

l'I • Kt ‘It.i |N in lr.tii'in til 77' F *1 

(IVal '.*i > (*ni»aist« nr‘\ at 77° K Alxtxc 100 

(Teat HA. In Ham. Soll.-ria ami fluwi 

1 1’« *i 1 mi> I u»iii«-|xniU {l\ ami S m. ili'«l) .102" F 

( IY»I 191 Flo.I «arlmii 

1 2l>il Solul.l* in c-.rlmn iliHiilplii.li* .i 

^ I', Jifc) N <hi* it,in* ral mater in , «>bibb‘ *H •' -W .V l 

(T<»t Jlcl Free Iiuii.-ial male r - H ' « 

i'Ii'hi J.l) Soliil.l. in Hs° naphtha About 10* 1 ;, 

{Teat 27) Sulphur U •'> 1 


Mkxico 

State of Tamaulipas. 

Asphalt springs occur at numerous points along the Tamesi River, which, 
according to Richardson,-' show the following characteristics: 


(Test *M.) |’« m iratinii nt 77° I tO -10 

(Teat 10) Fox* at 212° F unti* *lrv 1° -W% 

I,o»a at 32F for 7 hr* (r* mail rial) I ft - ^ 0% 

I,f.sa at t00° F tor 7 hr< ♦ & ®% 

(Teat 17) Flnah-pmnt :W)K " v 

iTest 19) Fil'd carbon W *’ l* 1 **'<• 

iTeat 21a) Solubility in carbon <li»ulphnJ<- <refine! material) W) I 99 0% 

iTeat 216) N'nn-tmnc ral matter insoluble 0 r » * * v <> 

{Teat 2!c) Ftw* mineral matter 0 ® 


Other deposits in ihe nctghl>orhood show a larger proportion of mineral matter, 
often running ns high m Hit per rent 

Chijol. Asphalt springs oeour also near C'hijol, 25 miles west of Tampieo. 
They are comparatively soft in consistency, testing over 90 per cent soluble in 
carbon disulphide, with less than 10 per cent mineral matter. 

1 " Nineteenth Annuel Report," l" 8 Geol Surrey, Wseb , D C, Pert III, 3S8, I HOT. 
’“Modern Aapbalt Pavement." loc cit, p 197 
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State of Vera Cruz. 

Tux inn. Similar deposits are found in the neighborhood of Tuxpan, some 
distance from I he Tuxpan River, having the same general characteristics as the 
preceding. Analyses show that 90 per cent is soluble in carljon disulphide, with 
less than 10 per cent of mineral matter. 

(Viri/*i/Kilf. Similar deposits are found 15 miles from Timberdur at the head 
of (he Tuxpan River, of an exceedingly pure character, testing 99 per cent soluble 
in carbon disulphide, and less than 1 per wilt mineral matter. The asphalt 
varies in consistency from a semi-liquid to a comparatively hard solid, depending 
upon the length of time it has been exposed to the weather. 


Cuba 

Province of Matanzas. 

A pit filled with pure liquid asphalt, has been reported in the neighborhood 
of Santa Catalina This occurs in a bed of serpentine, and originally produced 
in the neighborhood of 20 barrels of semi-liquid asphalt a day, derived presum¬ 
ably from underlying prtroleum-lieuring strata. Other pits in the neighliorhood 
similarly yield liquid asphalt 


Sol'TIl AMERICA 

Vknkzukla 

State of Bermudez 

The so-called Hcnuudcz " l’itcli Lake " occurs in a swampy region 
■m the western side of the (lulf of l’aria, opposite the Island of Trinidad. 
Fite asphalt “ lake ” extends over 900 acres in swampy land, at the mouth 
of the (luanaco River, and varies in depth from 2 to 9 ft., averaging -1 ft. 
The surface is covered with vegetation and pools of water. A typical 
view is shown in Fig. 28. The lake represents the exudation of soft 
asphalt from springs distributed at different points over its area, and 
constitutes one of the largest dc|>osits of pure asphalt yet discovered. 

Its consistency varies in different parts of the lake. Where it exudes 
from the springs, it is quite soft, and disengages gas freely and copiously. 
The surface of the deposit slowly hardens on exposure to the weather, 
forming a crust, varying from several inches to several feet in thickness, 
and sufficiently firm to support (lie weight of a man. The asphalt under¬ 
lie dlt, however, is still soft and semi-liquid, and there are numerous 
breaks through the surface from which the soft asphalt oozes. At the 
edge of the lake the asphalt is hard and brittle, due to the evaporation 
of the volatile constituents by the heat of the sun. Certain portions 
of the lake have been converted into a cokey mass as a result of fires 
which must have swept over the lake years ago, due probably to the 
combustion of vegetation growing profusely at the edges. 
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Court**? of Itftrber Asphalt Psvln* Co. 
Fig. 28, - View of I^ rttiuil'v. Asphalt Lakn. 
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Court** y of ltobsr Asphalt P*v|*g Co. 
Fin 20 Tran.^porting Bennude* Aitphalt. 
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The asphalt is gathered by hand, dumped into small cars and run to a 
wharf some miles distant where it is loaded on steamers, as is shown in 
Kg. 29. 

According to Richardson 1 the dried crude Bermudez asphalt has the 
following composition: 


(Test 1) Color in mass. 

(Test 4) Fracture . 

(Test 5) Lustre ... . 

(Test 7) Hpecific gravity at 77° F.. . 

(Tent 15 d) Temperature at which it "flows” 

(Tent 16) Volatile at 400° F. in 7 hrs (dried material) 
(Test 21a) Holuble in carbon disulphide.. 

(Test 216) Non-mineral matter insoluble. 

(Test 21c Free mineral matter. 


Black 

Conchoidal 

Bright 

1 005 - 1.075 
135 -188° F. 

5 81 16.05% 
DO -98% 

0 62 - 6 45% 
0 50- 3 05% 


The crude Bermudez asphalt is melted to drive off the moisture and 
gas. The water which is present is derived from the heavy rains and by 
overflows from the surrounding country. It is nol emulsified with the 
asphalt as is the case with the Trinidad deposit. The percentage of 
water varies from 10 to about 40 ]>er cent as a maximum. 

Refined Bermudez asphalt tests as follows: 2 


(Teat 4) Fracture . . Conchoidal 

(Teat 5) Lustre. Very bright 

(Teat 0) Streak ... Black 

(Teat 7) Specific gravity at 77° F. . .... 1 00 1 085 

(Teat 9a) Hardness on Moh’s scale Lena than 1 

(Teat 96) Penetration at 77° F . 20-30 

(Test 9c) Consistency at 115° F . 7 7 

Consistency at 77° F . . . 32 7 

Consistency at 32° F. 93 8 

(Test 9 J) Susceptibility factor. .62.5 

(Test 106) Ductility at 115° F. . 14 5 

Ductility at 77° F. .11 

Ductility at 32° F ... .0 

(Tost 11) Tensile strength at 115° F . 0 60 

Tensile strength nt 77° F . . 3 45 

Tensile strength at 32° F 10 5 

(Test 15a) Fusing-point fK and S method). . . 130 -140° F. 

(Tost 15«i) Temperature at which the asphalt "flows" . 170 180° F. 

(Test 16) Volatile matter, 325° F., 7 hrs. . . . ..3 0- 6 0% 

Volatile matter. 400° F., 7 lira. 8 0- 10 0% 

(Test 19) Fixed carbon. 12 9- 14 0% 

(Test 20) Distillation test - 

0-150° C. 9 89% 

150-200° C. 7 99% 

200-250° C. 16 08% 

250-300° C. 21 12% 

Above 500° C . 0 0% 

Reaidue. 44 92% 


4 "The Modem Asphalt Pavement," loc. eit., p. 183. 

* Ibid., loc. cit, p. 186; Bardwel), J. Ind. En<j. Chem., f, 973, 1913; I, 865, 1914. 
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(Teat 21a) Solubility in rarbon disulphide 

. 0* - 07% 

(Teat 216) 

Non-mineral matter inaoluble 

. 1 5 4 0% 

lT«t 21c) 

Free imoml matter 

. 15- 6.5% 

(Te*t 22) 

Carbcnca 

. . 0 0- 1,0% 

(Teat 23) 

Solubility in KS® naphtha 

.60 -75% 

(Teat 24) 

Grama aoluble in 100 grama <»4 

the following advent* 


(cold) 



Ainvl acetate . . 

37 


Amvl alcohol 

Inaoluble 


Am\l nitrate 

30 


Aniline 

Inaoluble 


lieniol 

30 


Carlton disulphide 

In all proportion* 


Carbon tetrachloride 

In all proportion 


Chloroform 

23 


Kthxl acetate 

24 


Kthtl alcohol 

Inaoluble 


hthil ether 

143 


NitrolH'tuenc 

24 


l’ropxl alcohol 

Inaoluble 


Toluol 

33 


Turpentine 

llti 

(Tent 2fi) 

Carlton 

«2 RM% 

(Test 271 

llvdrogt n 

It) 70% 

(Tent 2h) 

Sulphur 

5 H7% 

(Tint 20» 

Nitrogen 

0 75% 


Tula' 

14M> 20% 

fTeet 31) 

Paraffine 

0 0% 

( I i<*t 31) 

Sat limit d hvdrornrltona 

23 25% 

t Teat 37i/l 

Su|M»iification value 

2H 0 

(Tint *h.|> 

Frt e iiMphultou« acids 

3 5% 

(T.-t 3HM 

Aaphaltoua anhydride* 

2 0% 

(T.-wt .the) 

Aaphalteiica 

33 3% 

(Test 3M> 

Asphaltic realm* 

14 4% 

(Tent 3He) 

Oily constituent- 

30 fi% 


1,11 firm Deposit. This also occurs as an overflow in the form 
of a lake, on the Island of IVdernales in the delta of the Orinoco 
River, some distance east of the Bermudez Lake. It is alsmt 
;i,200 ft. Iona, anil an average of 200 ft. wide. Similar deposit a on a 
smaller scale are found on the neighboring islands of l’aquero and 
Del Plata. 

State of Zulia 

Maracaibo Deposit. This occurs on the Limon River located south¬ 
west of the Gulf of Maracailio. It is also in the form of an overflow 
exuding from a numltcr of springs. The asphalt is gathered by means of 
picks and shovels and transported in barges down the Limon River to 
the Gulf, where it is loaded on l>onrd steamers. It melts at a higher 
temperature than the Bermudez asphalt, and possesses a very strong and 
characteristic sulphurous odor. 
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According to Richardson 1 it tests as follows: 

(Test 4) Fracture . 

(Tent 5) Lustra 

(Teat 8) Streak 

(Tent 7) Hperific gravity at 77° F 

(Test 9a) Hardness, Moh's scale 
(Test 96) Penetration at 77® F 
(Test 13) Odor on heating . . 

(Test l.M) Temperature at which it flows 
(Test 16) Volatile at 32.V’ F , 7 hrs 
Volatile at 400° F , 7 hrs 
(Test 19) Fixed rarlion 
(Test 21«) Soluhility in carbon disulphide 
(Test 216) Non-mineral matter insoluble 
(Test 2lr) Free mineral matter 
(Test 22) Carbaries 
(Test 23) Noliibilitv in SS° naphtha 
(Test 34) Saturated hydrocarbons 

Fl’KOPF 

Franck 

Department of Puy-de-Dflme. 

In the vicinity of Clermont Ferranti, seepages *of soft asphalt exude from 
crevices in the roejv, containing 00 per cent of asphalt, 7 per cent water, and 
3 per cent mineral substances. The exudations are comparatively small in amount, 
and the asphalt has never prove I of importance commercially. 

Albania 

Selenitza. 

At the junction of the Yojul/n and Sauchisfa Rivers, there occurs a fnirlv 
large deposit of moderately hard asphalt in sandstone and conglomerate, in veins 
as wide as 10 ft. Marini 1 fossils are associated with this deposit, indicating it 
to I>e of animal origin. The asphalt breaks with a cotiehoidal fracture, showing 
a high lustre. It contains lie tween S and 11 per cent of mineral matter, averaging 
about 10 per cent. Comparatively large quantities have been mined. 

CJllKKCE 

Zante. 

An extensive dej>o<it of asphalt occurs in the southern portion of the Island of 
Zante, in the form of springs and seepages. The asphalt is very soft in consist¬ 
ency, having a specific gravity of 1.00 to 1.02 at 77° F., and carrying but a trace 
of mineral matter, with a fairly largo proportion of water in emulsion The 
springs occur in a region of clay and limestone, more or less saturated with petro¬ 
leum. These deposits have been worked for many generations (See p. 10.) 
The asphalt is refined in a crude way by the natives who use it for calking the 
seams of ships, and as a mortar for cementing together the stones of buildings, 
following the same method as practiced centuries ago. 

'"The Modern Asphalt Pnxcinent," Inc. at , pp 190 191. 


Conrhoidal 
Very bright 
Black 
1 Ott-1 08 
I.cm than 1 
20 30 

Characterise, strongly 
sulphurous 
200 250° F 

i a-y/o 
4 7- o o% 

15 0- 19 o% 

92 - 97% 

1 4 5 0% 

1 5 *> 0% 

I 5% 

15 rr,% 

25 30% 
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ASIA 

Syria 

Deposits have lieen reported at Solnnor, aliout .10 niilea couth o( the City of 
Beirut, also at Latakia in North Syria They have never lieen worked to any 
extent. 1 

Eastern Siberia 

Sakhalin 

Province of Xutouv. An asphalt lake occurs on the east coast of the Island of 
Sakhalin in a swampy valley, associated with a very thick variety of petroleum, 
exuding m the neighliorhood Where the asphalt emanates from the springs, it 
is very soft and sticky, but towards the edges of the lake it is hard and brittle. 
The asphalt has a rather strong odor, and contains a substantial quantity of vol¬ 
atile matter. After 1 icing air-dried, it carries 0 75 |>er cent of moisture, 0 22 j>er 
cent of ash, and the balance pure asphalt containing OKU to 0N5 per cent sulphur. 
It is estimated that at least 400,000 tons of asphalt, averaging 0.9 jier cent of 
mineral matter, art* present, in the lake l'p to the present, the deposit has not 
lieen develop'd commercially * 


Philippine Islands 

Island of Leyte 

Several asphalt deposits have been found in this region, one near the head of 
the llut.iNon Uiver, aliout li miles from the Barilo of ('nmporpne, on the north¬ 
western roast of the island, and another near the town of Villaba.* These oeeur in 
limestone and sandstone, and extend over an area 12 miles long. Outcrops of 
various grades of asphalt have lieen rejioited, including the solid, viscous and 
liquid ty|)es Both pure and rock asphalts are found, the latter carrying a variable 
proportion of sand Two vaiieties of pure, hard asphalt were examined by the 
writer, one having a black color in mass, and a glossy, black, conchoidul fracture; 
another having a dark brown color in mass, with a hackly, dull fracture. They 
tested as follows: 




liltuk AephtlU 

lifuu'ti AiphaLl 

(TiM II 

Fracture 

CxfH Imltl'il 

Hackly 

(Text .'.I 

1 n«lre 

Hn if lit 

Dull 

(Text (,) 

Mteilk Oil |>ni< <’1.11(1 

ltl.uk 

V< down'll brown 

tTiit on 

(‘oiciMom y at 77° ! 

31 7 

(treater than 100 

<Tc«t mi 

Dm tility at 11'- K 

J 

0 

(Text l.Ki) 

Fu»mg-p«uit 1 1\ ami S (ikiIukI 

I 2s71 0 F 

I3M° V. 

< r< xt 2 in) 

Solul>ilit\ i» 'arlxm <lix(il|,hul<‘ 

US' i 

W% 

(Ttat 21ri 

Free mini rat lii(«tt*r 

•j 1 ; 

1% 

(Test 37) 

^apuiiiliabli- matter 

N one 

None 

The brown 

variety is uni<]uc. It is 

somewhat similar 

in physical properties 


to uuintan wax, but it is very much more friable When melted it turns black in 
mass, Incoming lustrous (although it still shows a yellowish brown streak). The 
black asphalt is not classed as an asphaltite in view of its comparative softness 
at 77° F. These deposits have not yet been exploited commercially. 

1 "Reportr from the Consul* of the U S . 4t, 228, 1893 

•Pet. R'x and Min .Nor*, t. |2371, 230. 

•Commerce Report No 170. p 358, Wwh , I) C, Jul 22, 1915, also Philippine Journal of 
Scuntr, 10A, p 241. 1915 



CHAPTER IX 

NATIVE ASPHALTS ASSOCIATED WITH MINERAL MATTER 

NORTH AMERICA 

United States 

Kentucky 

All the deposits in the State of Kentucky are composed of sand and sandstone, 
carrying l>etween 4 and 12 per cent of soft asphalt filling the interstices.' 

Carter County. This deposit occurs one-half mile southeast of the town of Soldier, 
and consists of unconsolidated quartz grains held together by 4 to 10 per cent of 
asphalt, which is comparatively soft and contains a goodly proportion of volatile 
matter. 

Breckinridge County. This deposit is located from 2 to 4 miles south of Gar¬ 
field, and is composed of unconsolidated quartz grains carrying 4 to 8 per cent 
of asphalt. It forms a hillside ledge al)ouf 14 ft. thick with an overburden of 10 
to 20 ft. The deposit, has not l>een worked to any great, extent, in recent years, 
although formerly it was of considerable interest in the paving industry. Other 
prospects occur in this neighborhood, but these have not been dcvclojied. 

Grayson County. Two dej>osits have been worked in this locality, one .'3 miles 
southwest, and the other 9 miles north of Leitchficld. The former occurs in a 
stratum 5 ft. thick, impregnated with f> per cent of asphalt, in an unconsolidated 
quartz sand. The second was formerly one of the most active mines in Kentucky, 
but has now been idle for a number of years. It consists of a stratum 10 ft. 
thick, carrying 7-12 per cent of very soft asphalt. A nurnl>er of seepages are in 
evidence along the side walls of the quarry and since the asphalt contains a large 
proportion volatile matter, they soon harden on exposure to the weather. Some 
of the seepages examined by Richardson contained 30 to 05 per cent of mineral 
matter, the extracted asphult showing a penetration of between 35 and 45 at 
77° F., and yielding 12 per cent of fixed carbon. 

Edmonson County. Eldridge reports one deposit of asphaltic sand¬ 
stone 2 miles northwest of Bee Spring, and another 1} miles to the south. 
At the present time the only deposit in the State of Kentucky worked 
to any extent, occurs about 10 miles west of the celebrated Mammoth 

»" Occurrences of Petroleum, Natural Gu, and Asphalt Rock in Western Kentucky," by 
Edward Orton, Gcolofical Survey of Kentucky, 1891; "The Asphalt and Bituminous Rock De¬ 
posits of th« United States," by George H. Eldridge, 22d Annual Report, U. S. Geol. Survey, 
Wuh„ D. Cm Part I, p. 240, 1901. 
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Cave, near Brownsville. 1 It consists of a stratum of fine sand impregnated 
with 8 to 10 per cent of asphalt, occurring in irregular beds 5 to 20 ft. thick. 
The rock asphalt is removed from an open quarry and first run through 
a crusher, then through a set of rolls to disintegrate it into small grains. 
It is used largely for paving purposes and is said to give excellent 
results. 

Warren County. Several deposit* of sand asphalt are located at Youngs Ferry 
on the Green River, 12 miles north of the town of Howling Green. One occurs in 
a bed alx>ut 10 ft. thick, and carries between 6 and 9 per cent of asphalt. A 
second consists of a vein 5 to 15 ft. thick containing aliout the same percentage 
of asphalt. Both are undeveloped. The extracted asphalt shows a jx'netration at 
77° F. of 200, and much volatile matter (13 jK*r cent at 400° K. in seven hours). 

lsogan County. A quarry has l»een opened up nlxnit 5 milc*« northeast of Rus¬ 
sellville, exposing al>out 15 ft. of .asphaltic sandstone in a bed aliout 100 ft. long. 
The rock carries aliout 7 per cent of asphalt, which shows very much less volatile 
matter than the preceding (al>out 4 per cent loss at 400° F. in eeven hours). This 
mine is no longer active. 

Missouri 

bifoyrttr County. A Iasi of asphaltic sand occurs 1J miles northwest of Hig- 
ginsville, carrying per cent of asphalt, associated with sandy shale. This deposit 
has not l>een worked commercially. 


Indiana 

While drilling for ml at Princeton, a Ml of asphalt several feet thick was 
found 100 ft. Mow a vein of coal Seepages of liquid asphalt have also l>een 
reported in a well in the neigh! xtfhood None of these have l»een developed. 1 

Oklahoma 

This state is one of the richest asphalt-bearing centers in the United 
States. Asphalts are found in both the liquid and solid forints, occurring 
as springs, seepages and rock impregnations. Practically all the deposits 
are found in the southern portion of the state, between the 35th parallel 
of north latitude, and the Red River on the south, and included between 
the Arkansas line on the east, to the city of Granite, Oklahoma, on the west.- 
This area is shown in Fig. 30, and includes deposits or prospects in the 
following counties: 

Comanche, Jefferson, Stephens, Garvin, Carter, Murray, Love, 
Marshal, Johnston, Pontotoc, Atoka, McCurtain and Leflore. 


1 M. H. Crump, J. Royal Sot. Art*. M, Mfl, 1011. 

•"Contribution* to Economic Oology. 1902," Bulletin No. 213, V. 8 , Q*ol. Survey, Wub., 
P C , p. 333, 1903. 
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The deposits consist of asphaltic sands, asphaltic limestone, mixtures 
of the two, and rarely asphalt impregnated shale. The principal occur¬ 
rences are included in Table XXIII . 1 

In the majority of cases the asphaltic impregnation is of liquid to 
semi-liquid consistency, having a comparatively low fusing-point. It 
is contended by some authorities that the vast deposits of sand asphalt 
previously constituted oil-sands which have been laid bare by the agencies 
of erosion, faulting, crumpling and upturning of the strata, so that the 



lighter oils and gases have escaped into the air, leaving the sand imprcg- 
nated with the comparatively non-volatile asphaltic constituents. Most 
of the deposits occur along pronounced fault lines, although faulting is 
not essential, since certain deposits have become impregnated by the upris¬ 
ing of asphalt-bearing petroleum from regions below, through the porous 
sandstone or limestone. 

A characteristic feature of these deposits is the sand grains which 
are round and unconsolidated, being held together by the asphalt filling 
the voids. When the asphalt is extracted the grains fall apart, and show 
the same general characteristics as an ordinary petroleum-bearing sand. 

^ '' ' »"» *.<*». Goo, Suovoy! 
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The extent of these deposits has heen variously estimated from 2 to 
13 million tons. 1 

Most of the asphalt mined in Oklahoma has been used for paving 
purposes, and the author has seen many satisfactory pavements laid 
throughout the State which have excellently withstood the wear and tear 
of traffic, also exposure to the elements. It is generally necessary to modify 
the rock asphalts cither by combining the products obtained from dif¬ 
ferent de|x>sits, or by incorporating pure sand, until a proper lialance is 
obtained between the asphalt and the mineral constituents. In general, 
the l)est results have been obtained with mixtures containing 7 to 10 
per cent of asphalt in the finished paving composition. 


Numerous water extraction plants have been erected to separate the asphalt, 
from the sand, hut most of these have proven unsuccessful, since the extraction 
process ruses the price of the refined asphalt so that it is unable to compete with 
lictmlcum asphalts obtained from other sourcea in the neighliorhood. 

Tests made with sand asphalt taken from the quarry in Carter County, See. 
12 and N S Sec. 13, T 3 S, It 2 W, IS miles northwest of Ardmore, indicated the 
following. The dry sand asphalt contained 12.. r > i>er rent of pure asphalt, having a 
fusing-point (K and S. method) Iirtween 05 and tl!)° K. On subjecting it to the 
water extraction process, the following results were recorded: 


Asphalt woimtl 
Irttpun* lutphnlhc rcNitiuc 
S< IMMTttwl ■Willi waitli* 

\ f tint tie* :u«|ihnll 

in rrudf rock 

Total . 



Total I'ur* 
Anphalt, 
Per Cent, 

a.7 
18 
2 . 13 
2 7 

12 r. 


On Iwilmg the crude roek with water, impure asphalt rises to the surface, and 
the "sand waste” settles to the Isjttom. Upon dehydrating the impure asphalt, 
more sand settles out, constituting what is designated “Impure Asphaltic Residue.” 
The pure asphalt drawn off from this residue is termed “Asphalt Recovered.'' 

The “Asphalt Recovered" contained 5 per cent of mineral mutter and tested 
follows: 


(Test 9c) Consistency *t 32* F . tO.O 

Consistency at 77* F... 1.5 

Consistency at 115° F. . 0,0 

(Test 9d) Susceptibility fsetor. 15 

(Test 15o) Fusing-point (K snd 8. method) .55-5®* F. 

(Test 16) Volatile st 500“ F. in 4 hra. 10% 


i •' Roek Asphalts of Oklahoma and Their Use in Paving," by L. C. SnideC, Printturn, », 
974. 1914. 
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Examination of Rortdue l from Test 16) 


(Twt 9e) Consistency at 32° F. 72.6 

Consistency at 77° F. 10.7 

Consistency at 116* F. 1.1 

(Test 9<f) Susceptibility factor. 63.1 

(Test 106) Ductility at 77* F. Over 100 

(Test 15a) Fusing point (K. and 8. method). 115* F. 


Upon evaporating the "Asphalt Recovered" at 250-260° C., the following figures 
were recorded: 


Total Loss, Per Cent. 

Fusing-point. 

Hardness at 77° F. 

15 

120 

14.0 

20 

125 

25.0 

25 

147 

36.3 

27 

165 

51.3 


A sample of the "Asphalt Recovered" upon being blown with dry air at 300° 
C. for nine hours, lost 23 per cent in weight, showed a fusing-point of 165° F., 
and a hardness at 77° F. of 48.0. It is apparent that the extracted asphalt is 
scarcely affected by blowing, and thus differs from asphalts obtained upon dis¬ 
tilling petroleum. This is further corroborated by the author’s observations on 
paints made from the extracted sand asphalt, which were found to be highly resist¬ 
ant to atmospheric oxidation. A sample spread on cloth and exposed to air indoors 
for about a year, showed scarcely any diminution in tackiness. Petroleum asphalts 
of the same consistency when tested in a similar manner, dry out in a much 
shorter time. 

A mixture containing 82 per cent of the "Asphalt Recovered" fluxed with 18 
per cent of grahamite, showing the same fusing-point (165° F.), tested as follows: 


(Test 7) Specific gravity at 77° F. 1.09 

(Teat 9c) Consistency at 115° F. 14.7 

Consistency at 77° F. 27.1 

Consistency at 32° F. 65.4 

(Test 9 d) Susceptibility factor. 30.7 

(Test 106) Ductility at 115° F. 4.5 

Ductility at 77° F . 10 

Ductility at 32° F. 0.0 

(Toat 11) Tensile strength at 115 8 F. 1 8 

Tensile strength at 77° F. 6 5 

Tensile strength at 32* F. 9 5 

(Test 15a) Fusing-point (K. and S. method). 165° F. 

(Test 16) Volatile at 500° F. in 4 hrs.0.5% 


LOUllbUU. 

Lafayette Parieh. A sand asphalt deposit has recently attracted attention about 
8 miles from Lafayette, covering about 50 acres on the surface. 1 


Texas. 

Montagu* County. Deposits are reported 3 to 3} miles northeast of the City 
of St. Jo, carrying between 5 and 11 per cent of asphalt, averaging in the neigh¬ 
borhood of I per oent, although the percentage varies in different localities. They 
1 Muulutursn Rot., Tl, 04,1917. 
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contain sandstone, or a mixture of sandstone and limestone, but are of no com¬ 
mercial importance. 

Burnt t County. This occurrence is at Post Mountain near the town of Burnet, 
and consists of an asphaltic limestone, containing about 10 per cent of asphalt, 
of a very soft consistency (having a penetration of 20-250 at 77* F.). 

L'ralde County. The most important Texan deposits are found in the south¬ 
western part of this county, a tout 18 to 25 miles west of the city of Uvalde, in 
the region of the Anacacho Mountains. They consist of limestone, carrying 10 
to 20 per cent of asphalt, averaging stout 15 per cent. Crystalline ealrite is 
present, also numerous fossil remains of molluscs, indicating the asphalt to be of 
animal origin. The deposits have been traced for several miles, but their exact 
extent is not accurately known. A largo quantity has been quanted, and from 
recent reports the deposit is still being operated. The impregnating asphalt is 
quite hard, showing a conchoids! fracture and brilliant lustre. It has a moderately 
high fusing-point, and analytes: carton 81 per cent, hydrogen 12 per cent, sulphur 
0| per cent, nitrogen } per cent; total 100 per rent. 

Other deposits of the somo general character are found in the neightorhood. 
One 20 miles south-southwest of Uvalde and 5 miles south of the preceding quarry 
showed 12 per rent of naphnlt with 17 per rent of fixed carton. 

Anderson, Jasper, and Cooke Counlun. Minor deposits are reported in these 
counties, but are of no commercial value. 1 


Utah. 

Carton County. A deposit of asphaltic limestone occurs at the head of the 
right-hand branch of I’ie Fork, a canyon northwest of the town of Clear Creek. 
The rock is non-uniform in composition, some containing totwoen 6 and U per 
rent of asphalt (having a [-'netration at 77° F. of 7 (o 15), and some aa high as 
75 per cent (showing a penetration of 45 at 77° F.) with scarcely any fixed carton. 

Utah County. A large area underlaid with asphaltic limestone occurs just north 
of Colton, and south of Strawberry Creek, extending from Antelope Creek on the 
east to Thistle on the west. Thu principal deposit is at the town of Asphalt. 
No analyses are available. 

Grand County. At the head of the West Water Canyon about 20 miles north 
of the town of West Water, there is an asphaltic limestone deposit containing 
50 per rent asphalt and 50 per cent limestone. Investigations indicate that this 
asphalt is a progenitor of gilsonite. The extracted asphalt is reported by Rich¬ 
ardson to test as follows; 


(Teal 7) Specific gravity at 77- F. l.W 

(Tent 9h) IVncI ration at 77- F .2'i 

(Twain) Volatile at 217° F. 1 hr. 2.1% 

(Teat 19) Fixed carbon .. . 4.0% 

(Twit 23) Solublwin 8S“ naphtha . 84.7% 


Cinta County. The largest deposit of asphaltic sandstone occurs southeast of 
Vernal, north of the White River, tolwren the Ashley and Uinta Valleys, in a 
vein 3 to 16 ft. wide.’ It contains in the neighborhood of 11) per cent asphalt. 
Another deposit, or rather a series of deposits, occurs in Argyle Creek, a trib- 

i •'A Contribution to th« Chemistry of Some of tbs Asphalt Rocha Found in Tnssby 
H. W. Harper; University of Texas Mineral Survey No. 3, Mny, 190*. 

• Wixxiacworth, Train. Aw. /sxf. Jftstn* Bng., IT, llfi, 1844. 
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utary of the Minnie Maud Creek, which in turn flows into the Green River about 
20 miles south of Ouray. The material consists of an asphaltic sandstone, exploited 
under the name “Argulite,” carrying between 8 and 10 per cent of asphalt. The 
extracted asphalt tests as follows: 


(Tost 5) Lustre. 

(Tost 6) Htroak . 

(Teat 7) Hpmfic gravity at 77° F 
(TViit 96) pt-nctration at 77° F 
(Test 1.W) Temperature at which it flows 
(Teat 16) Volatile at 325° F in 7 hrs 
(Tost 19) Fixed rarbon 
(Teat 23) Soluble in 88° naphtha 
(Teat 20) Carbon 
(Teat 27) Hydrogen. 

(Teat 28) Sulphur 

(Testa 29 and 30) Nitrogen and oxygen 


Bright 

Black 

0 997-1.013 
14° 

140° F. 

25 8% 

8 55% 

88 % 


89 9% 
9 0% 
0 0 % 

1 1 % 


Total 

(Teat 34) Saturated hydrocarbons 


100 0 % 

25 0% 


Utah County. A sand asphalt deposit occurs al>out 1$ miles from Thistle, 
carrying 12 |x*r cent of asphalt. This has been operated to but a small extent. 

Carbon County. Deposits of bituminous sand have lieen reported 8 miles from 
Sunnyside on the tributaries of Whitmore Canyon, carrying 11 per cent of very 
soft asphalt. The extracted asphalt tests as follows: 


(Teat 16) Volatile at 325° F , 7 hrs 6 6% 

(Teat 19) Fixed carbon 5 0% 

(Teat 23) Soluble in 88° naphtha 01 8% 


California 

Mendocino County. Deposits of asphaltic sand are found 2 miles north of the 
town of Point Arena and $ mile from the coast, carrying between 6 and 7 per 
cent of asphalt. A similar deposit occurs just north of Port Gulch. 

Santa Cruz County. Large deposits of asphalt sand occur 4 to 0 miles north¬ 
west of the city of Santa Cruz, near the summit of Empire Ridge, a spur of the 
Santa Cruz Mountains, 3$ miles from the coast. A number of quarries have been 
opened up in this region, and the product used for constructing pavements in 
Santa Cruz and San Francisco. The rock contains between 10 and 17$ per cent 
of a very soft asphalt with a substantial projiortion of volatile matter. The veins 
vary from 2 to 30 ft. in thickness, as shown in Figs. 31 and 32. 

Monterey County. Several deposit# of asphaltic sandstone are scattered through¬ 
out the Salinas Valley. A prospect occurs about 10 miles from King City, com¬ 
posed of particles of quartz, feldspar and mica, impregnated with a varying per¬ 
centage of asphalt. Another de|>osit occurs 7 miles southeast of Metz at the head 
of Chelone Creek, of the same general character. A large vein, about 125 ft. 
thick and 3 miles long, has been reported near San Ardo, composed of coarse 
quartz grains, and a little feldspar, impregnated with a small percentage of asphalt. 

San Luis ObisjH) County. Sand asphalt deposits occur about 80 miles south¬ 
west of the town of San Luis Obispo, consisting of a numtor of actively worked 
quarries. The rock is fine grained, of even texture, consisting mostly of quartz, 
with a small quantity of feldspar. The percentage of asphalt varies from 8 to 
18 per cent, averaging about 10. 
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Santa Barbara County. Santa Maria Region Associated with the pure asphalt 
deposit described on page K4, zones of asphalt-impregnated shale have liecn reported 
on the western slope of the Azufre Hills, containing 30 to 40 per cent of asphalt. 

Sisquoc Region. Deposits of sand asphalt occur in the neighliorhood of the 
town of Sisquoc, carrying lietween H and IK per rent of asphalt. The largest 
vein occurs in Bishop’s Clutch, aliout 100 ft. thick, running fairly uniform in com- 



Kio. 31.—Sand Asphalt Quarries in Santa Cruz County, Vnl. 


position. Sonic tunc ago an attempt «as made to remove the asphalt by extraction 
with solvents, but the process proved tisi costly and had to lie abandoned. Similar 
deposits are found in the ncighliorhool of I-a Urea Creek, where a vein of sand 
asphalt occurs 20 to <30 ft thick; also at l/is Alamos Creek. 

Gaviota Region. A prospect has liecn rejsjrted m this locality consisting of s 
bed of sandstone and conglomerate alsmt 2.3 ft. thick, containing 7 to 8 per cent 
of asphalt. 

Mores’ Landing. This deposit is found on (he scaeoast about 7 miles weat of 
Santa Barbara, occurring as veins and irregular masses in massive sandstone cliffa, 
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at least 100 ft. thick. According to Eldridge it contains 30 to 60 per cent of 
asphalt and has a strong resemblance in structure, brilliancy, and fracture to 
gilsonite, although it is very much softer in consistency. 

La Patera Region. A vein of asphalt of historical interest only, occurs about 
10 miles west of Santa Barbara, close to the coast. It varies in width from 2 to 
12 ft., with a number of lateral branches several inches thick. The asphalt is 
associated with 30 to SO per cent of mineral matter composed of shale, sand, and 



Fro. 32.—Sand Asphalt Quarries in Santa Cru/ County, Cal 


clay. It is stated that 30,000 tons have l>cen removed from this mine, testing, 
when dried, as follows: 1 


(Test 4) Fracture 
(Test 5) Lustre. . . 

(Teat 6) Streak 

(Test 7) Specific grawty at 77° F 
(Test 9a) Hardness on Moh’s scale 
(Test 96) Penetration at 77° F 
(Test 15rf) Temperature at winch it flows 
(Test 16) Volatile at 400° F, 7 hrs 
(Test 19) Fixed carbon 
(Test 21a) Soluble in carbon disulphide . . 
(Test 21e) Free mineral matter ... 
(Test 23) Soluble in 88° naphtha. 

(Test 28) Sulphur. 

(Teat 34) Saturated hydrocarbons . 


Irregular 

Dull 

Black 

1 38 

0 

300° F. 

2 5 % 

14 9% 

Approx 50% 
About 50% 
21 0 % 

6 2 % 

8 . 1 % 


1 " The Modern Asphalt Pavement,” loc. cit, p. 201. 
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Carpiuteria Region. This deposit composed of asphaltic sand about IS ft., thick, 
lying along the wean's shore, is illustrated in Fig XI It contains 18 to 30 per 
cent of asphalt filling the interstices of unconsolidated quart! grain*. Some time 
ago a process was installed for extracting the asphalt with water, but this never 
proved successful commercially. 

Orange County Bituminous sands have linen reported 4 miles southwest of 
Chino, in a layer about ti ft thick, containing varying |iercoiitages of asphalt. 



Fm Asphaltic Sand on the ,-liorr at Carpintcria, Cal. 


Canada 

Alberta 

MtMvrrmj Hrgimt. Vast de|seits of asphaltic sands occur on lioth banks of 
the Athabaska River, and its tributary, the Clear Water River, covering proliably 
not less than 7n0 square miles 1 A di.iractenstic view of the outcrop on the Atlia- 
baska River is shown in Fig. HI (.1 and H) 

These sands contain aUait I!1 |ier .rut of nsphiilt, which is amenable to the 
water-extraction process. A specimen of the extracted asphalt examined by the 
author tested as follows. 


(Tout 7) Spcufic <rra\itv at 77° F 
(Test 96) P«-n«‘trafion at 77° F 

(Tent 9<•) ConHiftom* tpr hardness at ll r ' c I* 
ConnwtomPtcT hardness «t 77' f 
Conaiatomewr hardness at 32° l 

'"Bituminous Sands of Northern Alberts by S. C 
1914. 


1 022 
T«io soft 
for twit 

. 0 0 

... 0 0 

2 7 

l-'.lls, Dept of Mines, Ottawa, Carcvda, 
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(Teat 106) Ductility at 115° F . 

Ductility at 77° F.. . . 

Ductility at 32° F 

(Teat 15a) Fusing-point (K and 8 method). 
(Teat 16) Volatile at 500° F in 4 lira 
(Test 19) Fixed carbon 
(Teat 21a) Soluble in carbon disulphide 
(Teat 21c) Free mineral matter 


2.0 
7 0 
12 5 
50° F. 
17 9% 
10 55% 
97 3% 
2.7% 



(\> 



(It) 


Courtesy of S. C. Ella. 

Fia. 34.—Asphaltic Sand on Banks of Athabaska River, Alberta, Can. 


The non-volatile matter tested as follows: 

(Test 7) Specific jtra\ity at 77° F. 1 028 

(Teat 95) Penetration at 77° F. . . 52 

(Teat 9c) Consistency at 115° F. .. .. 3 7 

Consistency at 77° F . 85 

Consistency at 32° F . ..... 49 3 
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(Test 9 d) Susceptibility factor. 

(Test 106) Ductility at 115° F . 

Ductility at 77° F ... 

Ductility at 32° F . . 

(Test 11) Tensile strength at 115° F 
Tensile strength at 77° F 
Tensile strength at 32° F 

(Test 15a) Fusing-temperuturo iK ami S method) 
(Test 19) Fixed carbon 


3rt 5 
34 5 
43 0 
0 5 
0 3 
1 3 
23 5 
123* F 
12 33% 


The crude asphalt, after being ten»|w'red with additional pure snini to reduce 
the percentage of asphalt, has given succe^ful results for paving purjioseH in Ed¬ 
monton, Canada. 

Mkxico 


Several deposits of sand asphalt have lxa'ii reported in the neighiiorhood of 
Tampico and Vera (Yu/. containing S to 11 per rent of asphalt, hut none have 
been developed commercially. 

Or BA 


Province of Matanzas. .Semi-solid asphalts have hmi mined for many years 
at the bottom of Cardenas Harlsir The most ini|wir1:uit de|sisit, known as the 
“Constanria Mine." oeriirs about 1'.' ft below the level of the water, aim is conse¬ 
quently mined with dillieultv Other depn-u- „f -cnii-lnpud asphalt containing 
more or less mineral matter, omu at the mouth ol the La Palma River, alwuit .Kl 
miles from Cardenas; also Bear Sabatnlla ,1,- la Palma, about lit) miles east of 
Cardenas and 4 to 5 miles west of Ilato Nuevo Analyses are not available. 

Province of Pinar del Rio. Deismts of sand asphalt have liecn m|Sirt«l at. 

llahia Honda and Muriel, in the neiglibml ol Muriel Hay, also at Vuelta 

Aliajo. No analyses are available 

Province of Havana. An evlensive de| I known as the “Angelo Elmira 

Mine,” has lieen found near Hrjural, about Is .■» south of Havana, assoeinleil 

with mineral matler composed of ralnunt ciitlsinale, silica, and silicates, which, 
according to Richardson, 1 tests as follows: 


(Test 1) Color in nuwa 
(Test 4) Fracture 
(Teft 5) I.uslre 
(Test 0) Streak 

(Test 7) Specific griiMlv at 77 n 1 
(Test 9a) Hardness. Mob's wale 
(Tent 96) Hardne**, p< m lronim r at 77' I 
(Test 15 d) Temperature at whi<h »« A""* 

(Tost 16) Volatile at 325° F. 7 hr- Mrv miI.-Iaii" I 
Volatile at 400° F . 7 hr- <dr\ Mil.-ti.re. > 
(Test 19) Fixed curlion 
(Test 21a) Soluble in carbon disulphide 
(Test 21c) Free mineral matter (calcium »arlK.natz-. . tr ) 
(Test 23) Soluble in 88° naphtha 
(Test 28) Sulphur 


Slack 

Senn-conehoidal 

Dull 

Kcddiidi brown 
to brown 

1 30 l 35 

2 
0 

240 270® F. 
About 1% 
About l|% 

17 4 25 0% 

70 75% 

21 2H% 

32 50% 

About 8 3% 


Province of Camaguey. Impure /oft and hard asphalt debits arc found near 
Minas, a small town between Camaguey and Nuevitas. 

■ "The Modern A.phalt P»v. mr at," loo at . p. IBS. 
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SOUTH AMERICA 

Trinidad 

St Patrick County. 

One of the largest deposits of asphalt in the entire world occurs on the 
Island of Trinidad 1 on the north coast of South America, situated a short 
distance from the mainland of Venezuela, between the Caribbean Sea 
on the west and the Atlantic Ocean on the east. 

Small deposits are scattered all over the Island, but the largest one 
known as the “ Trinidad Asphalt Lake,” is situated on La Brea Point, 
in the Wards of La Brea and Ouapo, on the western shore. The lake 
is situated on the highest part of La Brea Point, 138 ft. above sea level. 
It covers an area nearly circular comprising 115 acres, in aslightdepression 
or shallow crater at the crest of the hill. The exact location of the lake 
is shown in Fig. 35. The lake measures about 2000 ft. across and over 
135 ft. deep in the centre, Incoming shallower towards the edges. A 
panoramic view is shown in Fig. 36. 

The asphalt surface is broken up into a series of large folds with accu¬ 
mulations of rain water in the creases. A typical view is shown in Fig. 37. 
The entire mass of asphalt is in constant but slow motion from the centre 
towards the edges, probably due to the continual influx of solid material 
at the centre, accompanied by a strong evolution of gas which imparts 
a porous or honeycomlied structure. The evolution of gas through the 
water is shown in Fig. 38. Wherever a hole is dug in the surface, it slowly 
fills up and disappears. The asphalt is softest in the centre of the deposit, 
and gradually hardens towards the circumference. Even in the centre, 
the consistency is such that it will bear the weight of a man, and can be 
readily broken out in large masses with picks as shown in Fig. 39. 

Shrubs and small trees grow on the surface in isolated patches known 
as “ islands,” which slowly migrate from place to place with the move¬ 
ment of the asphalt. Grassy vegetation extends along the edges of the 
lake merging into the surrounding country. 

The crude asphalt is loaded on small cars run by cable over the lake 
in a loop, the rails being supported by wooden ties which must be replaced 

1 Report of the Inspector of Asphalt and Cement, Engineering Department, District of Columbia, 
Waah., D. C., 1892: “On the Nature and Origin of Asphalt," published by the Barber Asphalt Pav¬ 
ing Co., Long Island CHty, N. Y., Oct, 1808: “The Modern Asphalt Pavement,” by Clifford Rich¬ 
ardson, 1908, p. 178 et seq.: “TrinJdad and Bermudei Lake Asphalt and Their I'se in Highway 
Construction,” by Clifford Richardson (pamphlet): "The Wonderland of Trinidad,” issued by the 
Barbar Asphalt Paving Co. (pamphlet)- "An Examination of Some Bituminous Minetals,” by 
P. C. Garrett, J. Soc. Chtm. Jnd., SI, 314, 1912: "The Proximate Composition and Physical 
Structure of Trinidad Asphalt," by Clifford Richardson, Proc Am Soc Tenting Matcrinlt, 
t, 409, 1908; "Studies in Asphalt," by C. J. Frankforter, /. Ind. Eng. Chrm , I, 239, 1910; "The 
Hydroearbons of Utah." by Bardwcll, ct a l, J. Ind. Eng. Chem., I, 973, 1913; also 8, 864, 1914, 
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from time to time as they gradually sink into the surface of the asphalt. 
The asphalt is transferred to an inclined cable way at the end of the loop 
which runs to the shore, and thence to a long pier where it is dumped 
on board steamers. (Fig. 40.) 

It has been estimated that the lake contains over 9 million tons of 
asphalt. Although vast quantities have l>cen removed in the past, the 



level of the lake has not sunk more than 8 to 10 ft. since the rate of 

influx closely approximates the quantity removed. 

The fresh material consists of an emulsion of asphalt, gas, water, 
sand and clay. According to Richardson* oil sands occurring at a depth 

, pL TOftm - non Trinidad Asphalt, Intercatin* from the View of Diaponottf 
1 AUnque Groj> y" ph ' "The N.lure .ndOnjm ol PevroUmm ud Aiptatt," by 

“• * ** '■ *• 10,< ’ 
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Fig. 36. —Panoramic View of Trinidad Lake. Co '‘ rtMy °' A “ r ' haM °°- 
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Courtay of Borber A«pL»ll Porto* Co. 
Pin. 37.—Folds in the Surface of Trinidad Lake. 



Courtay of Bofl*o Aspbolt Porto* Co, 

Fiu. 38.—Evolution of Gaa torn Trinidad Lake. 
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carry an asphaltic petroleum and natural gas under high pressure, which 
on coining in contact with a paste of colloidal clay and silica are converted 
into the asphalt which emerges at the surface. (See page 55.) 



Courtesy of Barl>er Asphalt Paving Co. 

Flo. 30.—Gathering Trinidad Ijike Asphalt. 



Courtesy of Barber Asphalt Paving Co. 
Fig. 40.—Transporting Trinidad Lake Asphalt. 

The crude Trinidad lake asphalt is extremely uniform in composition, 
as is evident from analyses of samples taken from different points over 
(he surface, calculated pn a water- and gas-free basis. 
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The crude material, when freshly sampled at the centre of the lake 
is composed of: 

Water and gas volatilised at 100° C. 

Asphalt soluble in carbon disulphide 
Asphalt absorbed by mineral matter 
Mineral matter on ignition with tricaleium-phosphate 
Water of hydration in mineral matter. 

Total. 

Specimens taken from various portions of the lake’s surface, after 
pulverizing and drying to constant weight in air at room temperature, 
appear fairly uniform in composition, averaging:' 

Soluble in carbon disulphide. 65 0% 

Free mineral matter . 35 s% 

Water of hydration, etc.. . 8 7% 

The so-called “ Water of hydration, etc.” includes water chemically 
combined with the clay, asphalt adsorbed by the clay and not remov¬ 
able by carbon disulphide and the inorganic salts which are volatilised 
on ignition upon determining the mineral matter. 

The emulsified water contains mineral constituents in solution to 
the extent of 82.1 grams (at 110° C.) per kilo, composed largely of sodium 
chloride. The gas is a mixture of methane, carbon dioxide, ami hydrogen 
sulphide. The mineral matter consists of extremely finely divided silica 
and colloidal clay. 

The crude asphalt is subjected to a refining process by heating it to 
160° O. to drive off the water. A small amount of volatile matter is also 
removed during this treatment. The refined asphalt tests us follows: 

(Tost 1) Color in mass 
(Tent 4) Fracture 
(Test ft) Lustre 
(Test 0) Streak 

(Test 7) Specific gravity at 77° F 
(Test 9a) Hardness, Mob's scale 
(Test 96) Penetration at lift 0 F 
Penetration at 77° F 
Penetration at 32° F 
(Test 9r) Consistency at llft°F. 

Consistency at 77® F . .. 

Consistency at 32° F . . . . 

(Test 9rf) Susceptibility factor. 

(Test 10a) Ductility (Dow Method): 

At lift 0 F 
At 77° F. 

At 32° F 

(Test 106) Ductility (Author’s Method) 

At lift 0 F 
At 77° F 
At 32° I 


Black 

Conchoids! 

Dull 

Black 

... 1 40-1 42 

. 1 -2 

. 10 -1ft 

. 1ft 40 

. 0 2ft O 7ft 

. 32 7 

74 9 

Above 100 

.. . (treater than 80 

. 8 0 

. 18 

. 0 1 

. ..15 

..10 
.. 0.0 


29 0% 
39 0% 
0 3% 
27 2% 
4 3% 

88 8 % 
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Test 11) 

Tensile strength (Author’s Method): 



At 115° F. . 

4 15 


At 77° F. . 

21 0 


At 32° F. 

27 0 

(Test 14a) Behavior on heating: 



At 0° C. 

Brittle, crumbled rather easily 


From 5 to 10° C 

Slightly brittle, not "crumbly” 


From 20 to 25° C 

Less brittle, not "crumbly” 


From 45 to 50° C 

No apparent change 


From 65 to 70° C 

Begins to Boften 


From 102 to 108° C 

Entirely melted 


From 120 to 125° C 

Consistency of molasses, ap¬ 
peared stringy or fibroua 
when stirred 


From 150 to 155® C. 

Slightly mobile 


From 170 to J75° C. 

Very mobile 


From 208 to 210° C 

Flashes 


From 233 to 235° C. 

Burns 

(Teat 15a) Fusing-point refined asphalt (Iv and S 



method). 

188° F. 

(Teat 15a) Fusing-point, purr asphalt extruded from 



mineral matter 

131|° F. 

(Test I5d) 

Temperature ut which it Hows 

190° F 

(Test 10) 

Volatile at 325° F . in 7 hrs 

1 1-1 7% 


Volatile nt 400° F , in 7 hrs «• 

4 0 5 25 

(Test 19) 

Fixed carbon 

10 8-12 0% 

(Teat 20) 

Distillation test: 

0-150° C 14 93'o 

150-200° C 10 42% 

200-250° C 2 26% 

Coke and ash 72 39% 

Total.... 100 00 % 

(Teat 21) 

Soluble in carbon disulphide 

56-57% 


Asphalt retained by mineral matter 

Mineral matter on ignition with tricalciiim- 

0 3% 


phosphate 

38 5% 


Water of hydration (clay and xilieateN) , 

4 2',', 

(Teat 22). 

Carbones 

0 0 1 3% 

(Test 29) 

Soluble in 88° naphtha (pure asphalt) 

62 04% 

(Test 24) 

Grama crude dry matenal soluble m 100 
grams cold sohenr 



Amyl acetate 

132 


Amyl alcohol. . . 

Insoluble 


Amyl nitrate . . 

84 


Aniline . , 

3 


Bensol 

48 


Carbon disulphide 

In all proportions 


Carbon tetrachloride 

In all proportion* 


Chloroform 

10 


Ethyl acetate. . 

30 


Ethyl alcohol. 

Insoluble 


Ethyl ether 

109 


Nitrobensene. ... 

39 


Propyl alcohol . 

Insoluble 


Toluol. 

39 


Turpentine . . ... 

Solubility of pure asphalt upon extraction 
cold by: 

115 


Acetone. 

21 7% 


Bensol. 

99 9% 


Chloroform. 

93 4% 


Ethyl ether. 

68.9% 
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(Test 28) Carbon . 80-82% • 

(Test 27) Hydrogen.10-11% 

(Test 28) Sulphur. 6 - 8 % 

(Teat 29) Nitrogen. .0 5-0 8 % 

(Teat 33) Paraffine . .0 0% 

(Teat 34) Saturated hydrocarbons. . . 24 4% 

(Teat 37d) Saponification value 40 o 

(Teat 38a) Free aaphaltoui acids 6 4 ^ 

(T<at 386) Asphaltous acid anhydrides • 3 9 % 

(Teat 38c) Asphaltenes 37 q% 

(Test, 38d) Asphaltic resins 23 0% * 

(Teat 38e) Oily constituents. 3! 0% 


So-called Trinidad “ land asphalt ” represents material which over¬ 
flows from the lake at its edges, where it has lieen exjiosed to the action 
of the weather for centuries. It is derived from the same source as the 
lake asphalt, and has the same general physical and chemical character¬ 
istics. It is known under various names; .or example: " cheese pitch " 
is a variety which resembles the lake asphalt most closely with respect 
to its containing gas cavities; " iron pitch ” is a variety which has 
hardened on exposure to the weather to such a degree that it resembles 
refined lake asphalt; “ cokey pitch ” is a variety which has lieen coked 
or carbonized by brush fires, etc. 

The land asphalt varies in its composition from place to place, but differs 
from tile lake asphalt in the following respects: 

(1) It contains loss gas and water than the lake asphalt 

(2) It contains a slightly higher percentage of minend matter (from 1 to 2 
[>er rent). 

(3) More of the volatile ingredients have lieen evaporated. 

These influence the tests as follows: 

The specific gravity is somewhat higher (up to 1.45). 

The hardness is greater. 

The fusing- and flowing-points are higher (lietween 30 and 40° F.). 

The volatile matter is less (aliout 1 [icr rent). 

The percentage of fixed earlion is slightly higher (about 2 per tent). 

The following table shows the quantity of asphalt produced during the year* 
1912-1910, in long tons: 

TAHI.I. XXIV 


Year. 

To Vmted State* 

To l.i Hoff 

To OTHEH On NTKIr.H 

(irand 










total. 


Lake 

Land 

Total 

Lake 

Land 

Total 

Lake 

Land 

Total 


1912.. 

95,111 

8 000 

103,711 

85,299 


85.299 

486 


486 

180,496 

1913. . .. 

123,873 

1,400 

125.273 

104,153 


104,153 

005 


MM 

230.031 

1914 .... 

67,357 

2,950 

70,307 

76,297 


75.297 




145 004 

1915 . 

118,001 

1,250 

119.251 

18,02ft 


18.025 




136.026 


117,719 


117,719 

13,380 


13.380 




131,099 

1917 

119,149 


119,149 

11,496 


11.496 


. . 

■ ■ 

130,64 ft 
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Argentine 

Province of JuJuy. An asphalt lake, known as the "Lapina de la Brea,” 
occurs some distance northeast of the City of Jujuy. The asphalt is sulphurous, 
of a semi-liquid consistency which hardens at the edges. It is mixed with more or 
less earthy constituents. Seepages of mineral oil arc also found locally. 

Province of Chubut. Deposits of soft, impure asphalt are reported in the vil¬ 
lage of Comodoro Kivadavia, associated with seepages of asphaltic petroleum. 
The asphalt has not been developed, and no analyses are available. 

EUROPE 


France 

Department of Landes. Near Bastenne, a moderately large-sized deposit, of 
asphaltic sand is found, associated with fossil shells, indicating that this asphalt 
is of animal (marine) origin. These shells are distributed throughout, the asphalt 
bed, which measures lietween 10 and 14 ft. thick. On exposure to the air, the 
shells fall to pieces in a fine powder and I he asphalt hardens materially, due to 
the loss of volatile matter. An analysis by L. Main shows the material to contain: 
asphalt 08.45 |ier rent, calcium carlsmate 4.% |>er rent, and sand 50 50 per cent. 

Department of Gard. Very large dcjsisits of rock asphalt occur in this Depart¬ 
ment, embracing ill the north the Concessions of St Jeatwle-Maruejois, and in 

the south including the Concessions of Servas, Canvas, Niimudcs and Puceli. These 
havo long been known and worked for many years. l)c|axsits of lignite and coal 
occur in the same region. The asphalt is associated with limestone, sandstone and 
shale, and varies in percentage between 5 and lfi per cent An average analysis 

shows it to contain: asphalt If) to 12 |>er cent, clay 0.5 to 0 8 per cent, calcium 

carbonate 81 80 per cent, magnesium carbonate about 2 per cent, and moisture 
0.5 per cent. 

Department Haute-Savoie. Dejxisits of axphuit associated with limestone and 
sandstone occur at Mussieges, Dungy, Ixivagny, Hourbonnc, and Chavaroche, in 
strata between l.'l and Iti ft. thick. An analysis of the rock asphalt mined at 
Chavaroche shows it to contain: asphalt 2!) 2 |ier rent, calcium rarlmnute 51.6 
per cent, and sand 10.2 per cent. This is used for paving purposes. 

Department of Ain. At Bcllegarde in the northern part of the Depart¬ 
ment. occurs a deposit of asphaltic limestone unevenly impregnated with 
asphalt, and also associated in part with heavy petroleum oils. 

The well-known Seyssel deposits also occur in this Department at 
Pyrimont, Volant and ('hallonges, consisting of a fine-grained limestone 
impregnated with asphalt. This region is shown in Fig. 41. The dejrosits 
consist of a series of hillside quarries along the Rhone River. The 
asphaltic impregnation varies from 2 to 8 per cent, ns a maximum, the 
balance consisting almost exclusively of calcium carbonate. Fossil 
shells are frequently encountered, also crystalline caleite. The deposits 
at Pyrimont are now largely exhausted, after having lieen worked for 
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many years. The Volant deposits are still lieing worked actively. 
According to L. Malo the asphalt extracted from the Seyssel deposits 


tests as follows: 

Watoi .... .'. . 19-00% 

Asphalt (Fusing-point, 87° F., K. and 8. method). ... 8 00 8 15% 

Magnesium carbonate. . 0 10% 

Calcium carbonate . 89 55 91 110% 

Insoluble in acid . . 0 10- 0 45% 

Loss, etc . 0.25% 



Switzerland 

Extensive deposits of asphalt impregnated limestone occur west 
of Neuchatel Lake, in the so-called Val dc Travers region. These 
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have been exploited for many years and marketed under the names 
"Neuchatel Asphalt” and “ Val de Travers Asphalt.” The exact 
location of the region is shown in Fig. 42. The percentage of asphalt 
varies considerably; thus, the “ ordinary ” grade contains about 10.7 
per cent of asphalt, the so-called “ rich ” grade contains 15.3 per cent of 
asphalt, the “extra ” grade 17.5 per cent and the “ powder ” 9.6 per cent. 

The average product contains: asphalt, 10.15 per cent (fusing-point 
50° F., K. and S. method), calcium carlionate 88.4 per cent, iron and alumi- 
ninium oxides 0.25 per cent, magnesium carlionate 0.3 per cent, matter 
insoluble in acid 0.45 per cent, and loss 0.45 per cent. The theory has 



Flo. 42.—Map of Neuchatel (Val-de-Travers) Asphalt Region, Switzerland. 


been advanced that, these asphalts have licen produced by the decom¬ 
position of marine animal and vegetable matters, which is borne out 
by the associated fossils. 

Smaller deposits occur at Auvcmier, Itevaix, and St. Auhin, south of Neuchatel, 
on the western shore of Lake Neuchatel, containing smaller percentages of asphalt 
than the preceding. 


Alsace-Lorraine 

The deposits in this region occur in a well-defined area in the neighborhood 
of Lobaann a short distance north of Strassburg, us shown in Fig. 43. The 
asphalt strata have been traced 6 to 7 miles extending through Sulz u. Wald, 
Pechelbronn and Lamperteloch. They occur as asphalt-impregnated limestone and 
sandstone associated with lignite. Petroleum is also found locally. The asphal- 
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strata average about SO ft. in thickness and carry many fossils. The region is 
badly faulted. The bituminous limestone has the following average composition: 


Asphalt (Fusing-point 77° F., K. and S method). II 0 -12 32% 

Calcium carbonate . .Gtt 0 -71 43% 

Iron and aluminium oxides . . 43-5 9% 

Sulphur. .5 0 - 5 0% 

Magnesium carbonate . . 0 3% 

Silica . . 3 15- 3 65% 

Loss, etc .17-3 4% 



Fm. Pi —Map Ilf lob-aim Asphalt Region, Alsace-Lorraine. 


The asphaltic sandstone at Pechelbronn occurs in veins 3 to 6 ft. thick, con¬ 
taining a soft, viscous asphalt which, when extracted shows a gravity lietween 
0.00 and 0.07 at 77° F. Large quantities of asphalt have been mined in thi* 
region for paving puqioses. 


Germany 

Province of Hanover. At Liimncr, a small village near Ahlem in the 
plains of Acker, aliout 18 miles west of Hanover there occurs a deposit 
of asphaltic limestone measuring 1000 hy 2250 ft, which has been worked 
for several hundred years. The vein has the general cross-section shown 
in Fig. 44, and is worked by open quarrying. 1 The rock carries lietween 
8 and 20 per cent of asphalt and contains numerous fossil shells. As 
freshly mined it has a brownish to gray-brown eolor, and the asphalt 

) Where « repent. .Ituvium: 4, Mph.lt-lmpKri.Ud IlmMtoM; r. ctoy; d. uph.lt-impKf- 
Dated limeatone; e, ahale; and /, limeatone. 
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impregnation is very soft in consistency containing a large proportion of 
volatile constituents. The average analysis shows: 


Asphalt (Flifting'point 61° F., K and S method).13 4-14 3% 

Calcium carbonate . 67% 

Iron and aluminium oxides, etc 17.5-19.5% 

Loss. 0.3- 1.18% 


At Waltersberge, near Limmer, a very lurge deposit of asphaltic limestone is 
found, containing 5 to 7 per cent of asphalt. It is estimated that al>out 3,000,000 
tons occur in this deposit, but the material is so f)oor in asphalt that it must be 
enriched by mixing with Limmer or Trinidad asphalt. 



Fit;. 44.—Cross-Section of Limmer Asphalt Deposit, Germany. 


At Holzen, a small village on the Uiver 1th, a short distance north of Vorwohle, 
occurs a well known, and one of the mast productive asphalt deposits in Germany. 
The asphalt stratum has been traced for approximately 14,500 ft. a.id forms a 
succession of layers 05 ft. thick carrying a variable percentage of asphalt asso¬ 
ciated with limestone, and separated with clay anil shale. 'Hie rock asphalt analyzes 
as follows: 


Asphilt (Fusing-point 65-70° F, K ami S method) 

Cab linn carbonate 

Iron and aluminium oxnb'H 

Silica ... 

Loan ... 


5 1 - 8 5% 
80 0 - 90 9% 

4 0 - 5 0% 
2 55 4 77% 
0 15- 2 11% 


A small deposit has liecn reported at Wintjelierg in this same neigliliorliood, 
but has not l»een worked to any extent. 

Province of Westphalia. Minor deposits have l>ecn found near the villages of 
Darfeld, Huldern, Hangcnau, And Appelhulscn, associated with clay and shale. 

Province of Hessen. At Mettenheim lietween Worms and Appenheim, occurs 
a depasit of asphaltic limestone and clay carrying a large quantity of fossil fish 
remains. The rock contains between 74.4 and 82.6 per cent of asphalt of a com¬ 
paratively high fusing-point. 


Austria 

Province of Dalmatia 

Vrgorac. A deposit of asphaltic limestone occurs at Vrgorac, having a specific 
gravity at 77° F. of 1.697 containing an average of 26 per cent of asphaJt. Analyses 
ahow the following ingredients: 
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Asphalt. 

Silica. 

Iron and aluminium oxides . 
Iron carbonate. 

Calcium carbonate 
Magnesium carbonate. 

Sodium chloride. 

Water . 

Total 


The first analysis represents nn asphaltir limestone containing silica, the second 
analysis represents an asphaltic shale, and the third an asphaltic limestone (pure). 
Considerable asphalt has l>ccn derived from this deposit for paving purposes. 

Asphaltic shales have Iieen reported near the limn of strip, on the Island 
of Brazza, situated near the coast of Austria, in the Adriatic Sea, containing lielwecn 
15 and 40 per cent of very soft asphalt The layers are between 2 and I ft in 
thickness. There also occurs a de|*sit of nsplmltie limestone containing aliout 1.1 
per cent of asphalt and 87 per cent of calcium carbonate, having a brownish-black 
color and containing a substantial proportion of volatile matter 

At Morowitza near Hebenico, on the Adriatic Sea, occurs a deposit of asphal'ir 
limestone carrying 10 to 15 per cent, of asphalt, 95 ]>cr cent of calcium carlionato, 
and about 4 ]icr cent of magnesium carbonate 

At I’orto Mnndorlo, near the town of Tran on the Adriatic Sea, occur lied* of 
crystalline limestone of a brownish color containing 9 2 |ier rent of asphalt und 
90 8 tier cent of calcium carlionatc. Further dc|»Mts have I •ecu located m this 
region at Hiskupija and Vinjisre 

Province of Tyrol. A very peculiar asphaltic shale occurs at Scefcld, .iljm It. 
above the sea-level, in lieds several feet thick with numerous fossil fish remains, 
in lictwccn layers of dolomite. This deposit constitutes one of the mam sources 
of supply of ichthyol, which is recovered u|kiii subjecting the material to a process 
of destructive distillation in suitable retorts The material best suited for this 
purpose is coni|)Osc<I of the following' 

Aaphnlt 

Calcium ami nmpt.cMum .‘iirbonalc* 

Clay 
Silica 
Iron oxide 
Lons and mouturc 


?0 41% 
»h 22% 

« i.7' 
lt» 03% 
r, q.v' 
.1 72% 


Anal\«n 1, 

Annl\ 81*4 2, 

Aunl>»i* 3, 

P« rCoiii 

I IVr (Ynt 

Pit Cent 

- - - - - 

- - -- 

- - — 

2 <14 

7 12 

38 02 

21 70 



7 12 

58 10 


30 00 

1 10 

01 08 

4 10 

32 AH 

0 07 


UNI INI 

00 !S7 

UNI (N) 


Total . 


100 00 % 


Province of Bihar 

Deposits of asphaltic sand occur at Tataros containing approximately l„ per 
cent of soft, sticky asphalt with a characteristic penetrating odor It is found in 
strata between 6 and 25 ft. thick, 5000 ft. long and 4000 ft. wide. Ijirge quan¬ 
ta * of asphalt have been mined fro... this de,s>s.t, which constitutes one of the 
largest sources of supply in Austria. Analysis shows lictwccn 13 and 22 per cent 
a^Slt fusing at 83“ F. (K. and 3. method). The water-extraction proces. ha* 
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been used to separate a semi-liquid asphalt from the sand, leaving a residue con¬ 
taining 3 per cent of asphalt which could not be separated. The pure, soft asphalt 
thus separated is distilled to recover the heavy oils and then converted into mastic 
by mixing with limestone. 

An asphaltic sand deposit associated with lignite is found a few miles northwest 
of Bodonoa containing between 11 and 15 per cent of asphalt. 

A short distance east of Felso Derna there occurs a lied of sand asphalt, very 
similar in character and composition to that found at Tataros, carrying 15 to 
22 per cent of asphalt. The extracted asphalt contains 0.73 per cent of sulphur, 
5.4 per cent of ash, and 1.6 per cent of crystallizable paraffine. 1 

Province of Herzegovina 

A deposit of asphaltic limestone occurs at the village of Popovo Polje, having 
a black to grayish-black color, and carrying between 16 to 20 per cent of asphalt. 
It contains a large percentage of volatile matter, which causes the crude material 
to ignite very readily and burn with a luminous flame. 

A little south of the village of Miftljan, and east of the town of Popovo Polje, 
occurs another and larger deposit of asphaltic limestone 6 to 20 ft. thick. The 
asphaltic impregnation is sticky and semi-liquid, varying between 3 and 35 per 
cent. The richer varieties ignite readily and burn with a luminous, smoky flame. 

A deposit of asphaltic limestone about 100 ft. wide and 10 ft. thick occurs 
at Draflevo, about 2J miles east of the city of Metkovie. The rock is of a 
brownish black to dull black color, carrying 5.4 per cent of asphalt. It is not rich 
enough to be worked profitably. 

.Italy 

Compartment of Marches 

Province of Pesaro «i Vrhino. Impure, solid asphalt is found at Sant’ Agata 
Feltria associated with sulphur, but is not mined actively. At Tallamello and 
Urbino, deposits of solid and semi-liquid asphalt occur associated with more or 
less sulphur. Those are merely of interest from a geological standpoint. 

Compartment of Abruzzi ed Molise 

Province of Abruzzo Citmorc Minor occurrences have been reported at Tocco 
di Casauri, Valle San Leonardo, Sant’ Ensemia a Majella, Ceramanico, Salle, Cir- 
condario di Lanziano and Pulcna. In the neighborhood of Sun Valentino, extensive 
deposits of asphaltic limestone have lieen worked in strata 2i to 3 miles long and 
about 100 ft. thick. Quarries have been opened up in the Valley of the Pescara 
River at the villages of Roccamoriee, Abateggio, Manopello, Lettomanopello, 
Tocco, and Papoli. Three distinct zones are distinguished. The lower carries 
between 9 and 10 per cent of asphalt, the middle an average of 17 per cent, and 
the upper 9 to 30 per cent. In certain localities the asphalt has a rubbery con¬ 
sistency, and is deep black in color, and in others it is very soft and semi-liquid. 
The deposits are rich in fossil shells. Analyses show the following composition: 

Aaphalt. . 10 62- 5 70% 

Silio*. . 0 06- 0 48% 

Calcium oarbonate ... . .... .49 70-86 40% 

Macneaium oarbonate ... .1 20-32 0% 

Iron and aluminium oiidea. . 0 16-1.18% 

Moiature. . 0.22- 0.98% 

1 J. Marcuwon, Ckrm. Ret. FtU-Hart-Jnd , If, 171, 1912. 
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Compartment of Calabria 

Province of Basilicata (Potenu .>), Asphaltic limestone deposits have been reported 
at Tamutola, Magliano, Setere and Leviano. 


Compartment of Campania 

Province Terra dx Lavoro (Caserta) One of the largest asphalt quarries in the 
entire region, which, however, has not been very active in recent years, occurs at 
Colie San Magno. Analyses of the product as mined show it to be composed of 
the following: 


Asphalt. .. . 

Calcium carbonate 
Calcium sulphate 
Iron and aluminium oxides 
Magnesium carbonate 
Silica. ••• 


7 18 % 
73 76% 
1 72% 
3 02% 
14 24% 
0 10 % 


Similar deposits of asphaltic limestone occur at Liri, Froainone, Monte San 
Giovanni, Banco, Castro dei Volsci and Fillettino. 


Compartment of Sicily. 

Province of Syracuse. The largest and most important Italian aaphalt 
deposit occurs at Ragusa, about 13 miles from the southern const of 
Sicily, on the River Irminio, in a bed 16 to 64 ft. thick, and 1600 to 2000 
ft. long. It contains variable percentages of asphalt, ranging from 2 
to 30 per cent, associated with a soft limestone composed largely of fossil 
shell remains. Two varieties of rock asphalt are mined—a brown vuriety 
relatively poor in asphalt, containing between 3 and 7 per cent, and a 
black variety carrying an average of 15 per cent. It has I sen worked for 
many yearn, and over 100,000 tons are mined annually for use on the 
continent of Euro, hi, being marketed in the form of a powder es^aally 
suitable for compressed asphalt pavements. The material as mined 
requires no further treatment other than grinding. Analyses show 
following compositions: 

Asphalt 

Calcium carbonate 
Iron and aluminium oxide* 


Magncmum carbonate 
Silica 

Moisture and loss 


8 80-14 o r>% 
82 15-88 21% 
0 HI- 1.90% 

0 tm% 

0 60 o 73% 
0 40 1 17% 


.Moisture ami . . . 

n. - .».S 

upon exposure to the weather, turning to a bluish gray. 


Greece 


District of Tnphfly ^ of p c , opolmCT , there occurs a deposit of 

At Marathonpolis on the preparation of asphalt mastic pavements, 

asphaltic limestone well suited for the preparau 

analyzing a.s follows: 
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AiphaJt. 

Silica.... . 

Iron and aluminium oxides. . 
Calcium sulphate 
MaRncsiuni carbonate 
Calcium carbonate 
Moisture and loss 


14.75% 
1.07% 
0.80% 
0 21 % 
0 45% 
82 27% 
0 45% 


'f ' Total 


100 00 % 


The asphalt is reported to have a comparatively high fusing-point. 


Portugal 

Province of Estremadura. At Serra de Cabagoa deposits of asphaltic Randstone 
have been reported, and at Monte Heal, north of Leira, layers of asphaltic sand¬ 
stone impregnated with a very soft and viscous asphalt exist. None of these have been 
worked to any great extent. 

Spain 

Province of Santander. In the neighborhood of Puerto del Escudo, deposits 
of asphaltic sandstone arc found in beds about 5 ft. thick. No analyses are avail¬ 
able. At Suances similar deposits of asphaltic sandstone have l>een reported con¬ 
taining approximately 11 per cent of asphalt. 

Province of Alava. At Alauri and other localities in the Pyrenees, asphaltic 
sandstone deposits containing 12 to 20 per cent of asphalt have been worked 
for a nuinl>er of years. A mine al>out. 10 miles from Vittoria consists of a cal¬ 
careous sandstone impregnated with 8 to 9 per cent of asphalt. It shows the 
following average composition: 


Asphalt 8 80% 

Kilim AS 75% 

Iron ami aluminium oxides. 4 35% 

Calcium find iiiiikiicsiiiiii carbonates. 17 25%, 

Water and Iona 0 40% 


Province of Navarre. Similar deposits have been rejiortcd at Bocaicoa, which 
have lx*en worked to a limited extent. 

Province of Tarragona. In the Santa Catalina mountains outcrops of asphaltic 
shale are reported. No data concerning these are available. 

Province of Soria. At Santander and Sierra de Frentes several deposits of 
asphaltic sandstone have !>een o{)crated, from which fairly large quantities have 
been mined. 


Russia 

Province of Terek 

At Vladikavkaz near the city of Gudermes an asphalt deposit has been known 
to exist for some time, containing betweer 6 nnd 12 per cent of a very soft asphalt 
associated with earthy matter. 

At Michaelovakaja in the Caucasus Mountains, a rich deposit is found, con¬ 
taining 80 J per cent of asphalt and the balance mineral matter. The extracted 
asphalt melts at aliout 300° C., and is extremely hard and brittle, having a specific 
gravity of about 1.2. The portion soluble in carbon disulphide contains: carbon 
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75.42 per cent, hydrogen 7.86 per cent, nitrogen 0.06 per cent, sulphur 08 tier cent 
and ash 4.35 per cent. 1 

Near Semowodsk in this same region, a similar deposit of asphalt is found 
associated with clay, which analyzes similarly to the preceding. 

Province of Simbirsk 

Extensive deposits of asphalt are found at Syzran, along the hanks of the 
Syzranka River, extending to the Samarskaya-Luka Mountains. The product as 
mined has the following composition: 


Asphalt an anc;. 

C’alrimii'carbonate at, J.l'; 

Maioicsnim cnrbonute ,1 t -’, 

Total .1110 Ul< 


In this same region near the River Volga then 1 is an oreurremc of liquid asphalt 
containing about 20 per ion! asphalt associated with sand, covering an area hit) 
by 320 ft. in a layer about .i2 ft. deep. 


ASIA 

Japan 

Ugo Province. An asphalt deposit has been reported near Akila, lint no exact 
data are available. 2 


Asiatic Russia 

Province of Uralsk. At the mouth of the I'ral River, where it empties into 
the Caspian Sea, deposits of asphalt have Itccii found, but no complete data or 
analyses are reported. 

Kyhia 


At Mrani, deposits of asphaltic limestone have lieen reported containing lie tween 
10 and 30 |>er cent of asphalt 

A large deposit is located at Itir-ol-llummur a short distance from llushayn 
(see p 135) composed of limestone impregnated with an average of 10 per cent 
of asphalt Petrified fish remains are also present, indicating that it is of animal 
origin. It is said to have a comparatively high fusing-point. Similar deposits 
have lieen reported at Khaliwet, liclween Iluebnyn and Itiisolieyn, also at Ain- 
Ettineh, 70 miles east of Beirut. 1 

Deposits of asphaltic limestone are rc|iortcd on the eastern aliore of the Dead 
Sea between Kerak and Ouadi Kerak, al«o on the western shore near Masada and 
Ouudi Scbbi. A short distance from this locality, on the Ouadi River, peculiar 
formations occur, composed of flint pebbles cemented together with varying per- 
centages of asphalt. This asphaltic conglomerate lies in juxtaposition to a vem 
of asphaltic limestone 


' "New Ilepnaila nt Aaplialtiin.," K ('hsritarhkow. rh,m •/■■/ . II, Hep till. IW>7. 

'Rychci Katayama, Unltipi m Afinrrnbwir ran Jvp'i". I, SO-'I, l!MS, (A,at AS* , 10, 1SSI, 1010. 
."Aapbal. Mini, in Syria." licper., Imm .1," . el the V. S, «., I1MJ. 22a, 1«». 
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Asphaltic limestone is also found at Nebi Mousa, on the northwest shore of 
the Dead Sea, containing 25 per cent of asphalt, also a quantity of fossil marine 
remains. It is used by the natives as a fuel and for paving purposes. Similar 
deposits have been reported at Tiberias, Hammnn and Jarmuktale. 

Mesopotamia 

At Hit on the Euphrates River, asphaltic limestone is still found, and collected 
in a crude way by the natives, exactly as was the case many centuries before. 
(See page 5.) 


Arabia 


In 1902 an extensive deposit was discovered on the Island of Bahrein, in the 
Persian Gulf, which on analysis was found to consist of: 


Aaphult 

A»h 

Moisture. . 


22 77% 
76 68% 
0 59% 


Total... . 100 04% 

The ash consists almost exclusively of caleiuni-alumiilium-silicate. The product 
is mixed with limestone powder and used for paving purposes. 


AFRICA 

Algeria 

Province of Oran. At Constantine, asphaltic limestone is found in veins 32 ft. 
thick, containing ns much as 40 per rent of asphalt. In many places the rock 
is so saturated that the asphalt seeps out and forms pools having a fusing-point 
of about 140° F. (K. and id. method), a penetration of 11 at 77° F., and con¬ 
taining 0.9 per cent of sulphur The limestone is largely crystalline. 

Nigeria 

Bituminous sands are reported in southern Nigeria a short distance from the 
coast. Attempts havo been made to purify the asphalt by the water-extraction 
process, but so far this has resulted in failure. The extracted material contains 
about 70 per rent of asphalt, 10 per cent of organic substances other than asphalt 
and 20 per cent of sand. 

Rhodesia 

Hock asphalt has recently been reported in northern Rhodesia, but is not yet 
thoroughly investigated. 



CHAPTER X 


ASPHALTITES 

Abpiialtites are natural asphalt-like sulistanees, clmmotoriM>d by 
their high fusing-points (over 250°• F.). They are grouped into three 
classes, namely: gilsonite, g'anee pitch, and grahiuuite. Since all are 
presumably derived from the metamorphosis of jxitrolouin, one would 
naturally expect the classes to merge into one another, and such actually 
proves to be the case. 

The author has adopted the following means of differentiating the 
three classes, ore from ai other: 



' 

.Screak. ' J 

i 

Specific Gravity , 
at 77° ¥ 

KumIhIiIv, ' 
(l\ AS Method* 
!>>« 1 

Fucil Carbon 
Per Cent 

Gilaomtf or Uintaite 

Brown 

l tl r » 1 10 

jr*n :i:>o 

10 JO 

Glance Pitch or Manjah * 

Black 

1 10 1 1.1 

j.mi .i.io 

JO .to 

Grahaimte* 

Black 

1 1.1 1 JO 

.1.10 (KM) 

:to ,15 


• W hen Hubstnutiiillj fru- from mineral matter 


In all three classes the non-mineral constituents are almost, completely 
soluble in carbon disulphide. The physical and chemical characteristics 
will lie descrilxxl in greater detail under the respective headings. 

GILSONITE OR ITNTAITE 

This asphaltite is found in but one region, 1 extending from the 
eastern portion of the State of Utah across the lioundary line into 
the western portion of Colorado. It occurs in a numl>er of parallel 
vertical veins, varying in width from thin fissures to several feet. 

1 "Gilsonite or Uinlaite," J. M I-uckc, Tram Am In* M.n.ap Em , 10 . 103, IM7; 

Note* on > Spocimen ol Gtlaonito from I'inu Coor.ly. Utah," R. W Raymond. Tram. 
Am. In*. Minim Em. IT. >13, >888: ' Nature ol I'inUitc," Dr Henry Wurtr. Em and Miaow 
j , 4 j f 114 ( IB gg. "The Uinlaite (Gilaomu) Dcpuula of Cut,." by G H. Eldndie. 17th Annual 
Report U 8. Qcol. Survey. Waah, D C. p 815. 1898: W T Day. J Franhltn In*. HO, 
331, 1886; 22d Annual Report ol the l' 8 0«J Survey, Waah., D C , G. 11. Kldridac, part I, 
pp. 327 and 340, 1901 •' The Production ol Aaphull, Related Bitumena and Rituminoui Ruelt 

in 1910" by D* T. Day, V S Geo! fhirvey. Waah, D C. p 0, 1011. "Modem Aapbalt, 
Pavement," p. 208, 1008; "The Hydrocarbon* M Utah." by Barda-dl, eta !. J Ind Em CAem. 
• 073. 1913; i. 808. 1014 . "Gilaonite and Grahamite," by Clifford Riehardaon, J. In4. Ell #. 
Cktm.. 0. 408, 1016. 
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In all the veins the gilsonite is fairly unifonn in composition and 
complies with the following characteristics: 


(Teat 1) Color mua.Black 

(Tost 4) Fracture.Conchoidal 

(Teat 5) Lustre. . . Bright to fairly bright 

(Teat 6) Streak . .Brown 

(Teat 7) Specific gravity at 77° F. .1.05-1.10 

(Teat Do) Hardness on Moll's scale .... 2 

(Test 96) Hardness, needle penetrometer at 77° F 0 

(Teat 9c) Hardness, conaiatoineter at 115° F . 40-60 

Hardness, consistometer at 77° F 90-120 

Hardness, consistometer at 32° F Too hard for teat 

(Teat 9d) Susceptibility factor > 100 

(Teat 10a) Ductility at 77° F (Author's Method) .. 0 

(Test 13) Odor on healing Characteristic 

(Teat 1 la) Behavior on melting. . . .... ... Forms a compar¬ 

atively thick, 
viscous melt. 

(Teat 146) Behavior on heating in flame . Softens and flows 

(Test 13a) Fusing-point (K. and S method) . 250-350° F. 

(Test 156) Fusing-point (Ball and King method) . 270-370° F. 

(Teat 10) Volatile at 325° F , 7 lira (dry substance) . Less than 2% 

Volatile at 400° F , 7 hrs ... Less than 4% 

Volatile at 500° F, 1 hrs ... Less than 5% 

(Test 19) Fixed cm bon . 10-20% 

(Test 20) Distillation test: 

0 150° C. . 9 34% distillate 

150-200° C. 5 35% distillate 

200-250° C . 12 84% distillate 

250-300° C . 28 99% distillate 

Above 300° C . Coked 

(Teat 21a) Soluble in carbon disulphide . . .... Greater than 98% 

(Teat 216) Non-mineral matter insoluble 0-1% 

(Test 21c) Mineral matter. .... Tr -1% 

(Test 22) Carbenea ... . 0 -j% 

(Teat 23) Soluble in 8S° naphtha . 40-60% 

(Test 24) Grams soluble in 100 grams of cold solvent: 

Amyl acetate. . 86 

Amyl alcohol. . . . . Insoluble 

Amyl nitrate.. . .51 

Aniline Insoluble 

Bensol .71 

Cortion disulphide . .Soluble in all pro¬ 

portions 

Carbon tetrachloride. 44 

Chloroform. . 54 

Ethyl acetate 3 

Ethyl alcohol. . .Insoluble 

Ethyl ether. . . Soluble in all pro¬ 

portions 

Naphtha 62°. 5 

Nitrobensene ... 0 

Propyl alcohol . . . Insoluble 

Toluol. 72 

Turpentine ... ... . 60 

(Teat 26) Carbon. 88 -89.5 

(Teat 27) Hydrogen. 8 5-10.0 

(Test 28) Sulphur. 17-2.0 

(Test 29) Nitrogen .... . 08% 

(Teat 30) Oxygen. 0-2% 
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(Twt 83) Paraffine wale. 0_Tr % 

(Teat 35) Sulphonation residue . 85-95% 

(Teat 37) Saponifiable matter ... . Tr 

(Teat 41) Diaeo reaction No 

(Teat 42) Anthraquinone roartion No 

Gilsonite is assorted and marketed in two variet ies, known as " selerts ” 
or “ firsts,” and “ seconds ” respectively. The “ firsts " are taken 
from the centre of the vein and are characterized by a conrhoidal and 
lustrous fracture. The “seconds” occur near the vein walls and are 
characterized by a semi-conchoidal and semi-lust rous fracture. In 
other respects, however, they are alike. 

Fig. 45 Bhows the hardness, tensile strength (multiplied by 10) nnd ductility 
curves of a mixture of gilsonite and residua] oil fluxed together so os to have 



Fig. 45.—Chart of Physical Characteristics of Fluxed Gilsonite Mixture. 


a hardness of exactly 25.0 at 77" F. The resulting mixture contained gilsonite, 
47 per cent and residual oil, 53 per cent The fusing-point of the gilsonite used 
was 285° F (K. and S. method), and that of the resulting mixture 142 F. 

Gilsonite is one of the most, valuable asphalts for manufacturing paints and 
varnishes (see p. 471). Gilsonite and glance pitch mix readily in all proportions 
with fatty-acid pitches, thus differing from gralmmite. Products involving the use 
of gilsonite formed the basis of several patents granted to Gilson, after whom the 
material was named. 1 

. U. 8. Patents 361.75# ol Apr. 20. 18*7: 303,076 of U.y 3, 1887 ; 415.804 of Nov. 80, 188 * 
to 8. H. Gilson. 
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UNITED STATES 

Utah. 

Uinta County. Practically all gilsonite is mined in the "Uinta 
Basin,” at the junction of the Green and White Rivers south of Fort 
Duchesne, Utah, from a point 4 to 5 miles within the Colorado bound¬ 
ary line (Rio Blanco county), extending westward about 60 miles into 
Utah. A large number of veins have been located in this area, and 
extending from a northwesterly to a southeasterly direction, and all of 
them parallel or nearly so. The veins vary in width from a fraction 
of an inch to 18 ft., and some of the longest, such as the Cowboy or 
Bonanza, have l>een traced 8 miles. The veins are almost vertical with 
fairly smooth and regular rock walls, and although they are usually 
continuous, they may in certain cases bd interrupted in the direction 
of the fissure. Very frequently branch veins join the main one, form¬ 
ing very acute angles. 

Near the outcrop where it has been exposed to the weather, gilsonite 
loses its brilliant lustre, changing to a dull black. Along the vein walls 
it shows a columnar structure, extending at right angles to the wall, which 
is characteristic of all asphnltites. The rock walls are often impregnated 
with gilsonite j to 2 ft., so there is no visible line of demarcation between 
the impregnated and noil-impregnated portions. In shale formation the 
impregnated zone is smaller than when the gilsonite is found in a porous 
sandstone. 

The following are the principal veins occurring in this region: 

Duchesne Vein. This occurs about 3 miles cast of Fort Duchesne, 
filling a vertical crack in sandstone and shale. The 
vein has been traced for 3 miles, and is 3 to 4 ft. 
wide for about l j miles, tapering at the ends, until 
it completely disappears. A comparatively large 
quantity of gilsonite has been mined from this vein. 

Oulmer Vein. This is also known as the 
“ Pariette Mine,” and occurs in the “ Castle Peak ” 
mining district. It has t>een traced 7 miles and 
varies in width from a fraction of an inch to 30 ins., 
averaging aliout a foot. Several branch veins are 
connected with the main one at very acute angles. 
It also shows a number of transverse faults as 
illustrated in Fig. 46, in which the lateral displace¬ 
ments vary from 1 to 10 ft. The associated rock 
consists of sandstone and shale. 

Bonanza and Cowboy Veins. These are shown in Fig. 47 and embrace 



Fig. 46.—Faults in Gil¬ 
sonite Vein. 
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three veins known as the Cowboy Vein, the East Branch ami the West 
branch res|iertively of the Bonanza Vein. The last two are joined together 
near the southern end. These veins ocelli' in sandstone and shale. The 



Cmirtey of American Asphalt \.<w<>oiation. 
Fia. 48.—View of 0Wlx>y Oilsonite Mi nr, I T t:ih. 


shale being harder than the sandstone, seems to have offered greater 
resistance to the intrusion of gilsonite, and the veins arc not therefore 
as wide when they occur in the latter. The disappearance of the veins 
to the northwest also occurs in shales, and as the eilsonite nasses (mm 
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sandstone into shale, it splits up into a numlier of smaller veinlets, which 
gradually thin into fine hair-like fissures. 

The Cowlioy is the largest and attains a maximum width of 18 ft., 
maintaining a width of 8 to 12 ft. for 4 miles. Its total length is 7 
to 8 miles. A typical view of the Cowboy Mine is shown in Tig. 48. 

The Bonanza Veins have Iteen followed for 7 miles, hut. they are not as 
wide as the Cowboy. 

A humiter of smaller veins also occur in this region, including the 
Ramltow, “Harrison,” “Colorado,” etc., which are narrower and 
shorter than the foregoing. 

Black Dragon Vein. This occurs southwest of Kvacuntion ('reek, a 
tributary of the White River, near the Colorado line. It has been traced 
for 4 n iles, and averages between 2 and 8 ft. wide, the maximum lining 8 
ft. near the southern end. It is associated with sandstone, limcstmc 
and shale. In some places, the rock is impregnated with gdsomte 1 to 8 
ft. along side of the vein proper. A branch railroad runs from Dragon, 
Utah, connecting with the Denver & Rio (iramle R. R. at Muck, Colo¬ 
rado, from which point most of the gilsonite is shipped Knst. 

The methods of mining the gilsonite are very crude, and involve the 
use of a pick and shovel, together with some sort of simple hoisting 
apparatus. Very little if any timber is required, as the veins me nearly 
vertical, and the surrounding rock is firm and self-supporting. The 
gilsonite is shipped in sacks holding about 200 lbs. One man can mine 
and sack an average of 2 tons |ier day 10 of hours. Approximately 
20,(XK) tons of gilsonite are mined and shipped from this region each 
year. It is estimated that 32,000,000 tons of gilsonite arc still available 
in the entire region. 


GLANCE PITCH 


Glance pitch resembles gilsonite in the external appearance, with 
the exception of the streak, which is a decided brown in tie case of gil¬ 
sonite, and black in the case of glance pitch. It, also didirs in having a 
higher specific gravity and producing a larger jierccntagc of fixed carbon. 
It always has a brilliant conchoidal fracture, and a fusing-jioint lietwcen 
250 and 350 0 F. (K. and 8. method). In general, glance pitch complies 
with the following characteristics: 


(Test 1) Color in mw 

(Test 4) Fracture 

(Test 5) Lustre 

(Test 8) Streak on porcelain 

(Teat 7) Specific gravity at 77° K 

(Teit 9o) Hardness, Moh's scale 


Black 

Conchoidal to hackly 
Bright to lairly bright 
Black 

1 10 1 18 

2 



134 


ASPHALTS AND ALLIED SUBSTANCES 


(Twt 96) Hordnow, needle penetrometer at 77° F.. 0 

(Test 9c) Hardness, consistometer at 77° F. 60-120 

(Teat 9 d) Susceptibility factor . .> 100 

(Teat 10) Ductility at 77° F .0 

(Teat 13) Odor on heating . Asphaltic 

(Teat 14a) Behavior on melting. Forma a comparatively 

thick and viscous melt 

(Test 146) Behavior on heating in flame.. ... Softens and flows 

(Teat 15a) Fusing-point (K. and S method) . 250-350° F. 

(Test 156) Fusing-point (Ball and King method).. ... 270-375° F. 

(Test 10) Volatile at 325° F , 7 hrs. (dry substance).Less than 2% 

Volatile at 400° K, 7 hrs .Leas than 4% 

(Test 19) Fixed carbon . 20-30% 

(Test 21a) Soluble in carbon disulphide . . .Usually greater than 65% 

(Teat 216) Non-mineral malter insoluble bees than 1% 

(Test 21c) Mineral matter . .Usually less than 5% 

(Test 22) Carbenea .Less than 1.0% 

(Test 23) Soluble in 88° naphtha ... . 20-50% 

(Test 2fi) Carbon. ... 80-85% 

(Test 27) Hydrogen 7-12% 

(Test 28) Sulphur ... 2 8% 

(Test 29) Nitrogen ami oxygen. .A truce to 2% 

(Test 33) Paraffine O Tr % 

(Teat 35) Hulphonation residue 80-95% 

(Teat .'17) Saponifiable matter Tr 

(Teat 41) I)iazo reaction No 

(Teat 42) Anthraquinone reaction No 


Glance pitch appears to Im intermediate between the native asphalts 
and grahamite. It is probably derived from a different character of 
petroleum than gilsonite, having nevertheless reached a parallel stage 
in its metamorphosis, under approximately the same external conditions. 

Mexico 

Chapapote. As stated previously (p. SO), deposits of very pure asphalt occur 
in this locality, varying from very soft consistency to a hard and brittle nsphaltite, 
properly classified as "glance pitch." They show a lustrous and conehoidal frac¬ 
ture, a blark streak, fuse in the neighborhood of 250° F. (K. and S. method), 
contain over 20 per cent of fixed carbon, and are more than 99 per cent soluble 
in carbon disulphide. 

West Indies 

Barbados. Glanco pitch was first reported in 1750 by Griffith Hughes, and 
since 1890 has been mined almost continuously. Deposits occur in a number of 
localities throughout the island, especially in the Consot district, at Groves, Spring- 
field, St. Margaret, Quinty, and Burnt Hill. This asphaltite has been marketed 
under the name of "manjak,” which was originally applied to the Barbados prod¬ 
uct, although the name was subsequently associated with a variety of grahamite 
mined in Trinidad (see p. 140). The deposits were first worked on a commercial 
scale by Walter Mcrivale in 1896, who also accurately described the deposit, and 
the properties of the mineral. 

Barbados manjak contains a very small percentage of sulphur (between 0.7 
and 0.9 per cent), and about 1-2 per cent of mineral matter. Ita specific gravity 
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*t 77* F. is in the neighborhood of 1.10, fusing-point 320-340“ F. (K. nod 8. 
method), the percentage of fixed carbon us reported by different observers varies 
between 25 and 30 per cent and its solubility in cnrtion disulphide 97-98 per cent. 
Near the surface, the munjnk is hard and brittle with a high fusing-point, but 
at the lower levels of the mines it is found softer, and with a much lower fusing- 
point, partaking of the nature of an asphalt, rather than an asphaltite, and dearly 
proving the metamorphosis of one from the other It also indicates that the 
manjak originated in the lower Btruta, having lieen thrust upward in the form of 
a dyke (see also Trinidad grahamitc, p. 140). 

It is used largely for the manufacture of varnishes and japans on account of 
its high purity, gloss, and intense black color 1 

Santo Domingo (Hayti). A dejiosit of glance pitch similar to the preceding 
has Ireen reported near Azua on the Hay of (Icoa. This has not Istii developed 
commercially, nor are analyses available. 


Couimuia, South America 

Very large de[K>sits of glance pitch occur at Chaparral, in the Province of Tnhmu, 
on the Saldafia River, which empties into the Magdalena River The de|xisit is alsnil 
100 nnles southwest of Bogota It is trans|s>rted bv Isials down the Magdalena River 
to the roast, whence it is evjiorted. Alsiut 2(XH) Ions an- shipp'd annually, having a 
high-fusing |xniit, and over 00 js*r cent soluble in ear! ton disulphide. ! it is used largely 
for the manufacture of varnish, and tests as follows: 


(Tent 4) Fracture* 

(Te«t 5) I.UBtrc 
(Test 6) Streak 

(Test 7) Specific irritx it y at 77° F 

(Test 8a) Hardness, Midi's scale 

(Test 86‘ Hardness, pem Irmnctcr 

(Test 146) Heat iiik in flume 

(Test 15) FtninK-point (K and S incthtsl) 

(Test 19) Fixed car lam 

(Test 21 n) Solubility in carbon disulpbidc 

(Test 216) Non-nnniTal matter insoluble 

(Toai 21c) Mineral matter 


Conchoitlal 
Itrifthi 
Itlaek 
1 12 
2 
O 

Soften* and burnt 
276° F 
2(1 45 % 

(M) 0% 

« 7% 

3.3% 


Syria 

Htsbaya. This constitutes one of the most important asphaltite deposits in the 
region. It is located almut 40 miles southeast of Beirut, and west of Ml Ilamon. 
It has a bright, black lustre, and a Mack streak. It contains from a trace to about 
5 per cent mineral matter, and fuses at 275“ F It shows 27 0 |icr cent fixed 
carbon, and on analysis: carlion, 77 18 per cent; hydrogen, 9.07 |ht cent; sulphur, 
0.40 per cent; nitrogen. 2.10 per cent; and mineral matter, 050 per cent. The 
deposit has lieen worked extensively, and a numlier of years ago fairly urge quan- 
titles were exported to the Culled Stales for the manufacture of varnishes. 

Dead Sea. This deposit is merely of historical interest, us it constituted one 
of the most important sources of supply for the ancients <|>. 5). There appear 

1 Merivale Tran. Fed ln.l Em. M. M». ISM. *'«< •• M, ISOS. Hcism, Tran. Am. InH. 
8,..X 1800 Kn,w. 4 *ev»l .Sec Ac, it, 307, 1004. Garrett, J. Hoc CU 

Ind, tl. 314. 1912. 

* J. Soc Ckem. Ind . U, 278. 1904 
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to be Urge veins of asphalt at the bottom of the Dead Sea, the water of which 
is saturated with salt (25 per cent in solution) having a gravity of about 1.21. 
The asphalt has a specific gravity at 77° F. of 1.104, and as masses become de¬ 
tached at the bottom by earthquake shocks or otherwise, they float to the surface, 
where they are gathered up by natives. A section through the Dead Sea showing 
the veins of asphalt is illustrated in Fig. 49. This glance pitch shows a lustrous 



conchoidal fracture, and a black streak. Its fusing-point is 275° F., over 99 per 
cent is soluble in carbon disulphide, and it yields 20 |«r cent of fixed carbon. 
The supply is limited und the material is used only to a small extent locally. 1 


GRAHAMITE 

This asphaltite varies considerably in composition and physical prop¬ 
erties, some deposits occurring fairly pure and others are associated 
with considerable mineral matter, running as high as 50 per cent. 2 In 
general, however, it complies with the following: 


(Teat 1) Color in mans . Black 

(Teat 4) Fracture ... .Conchoidal to hackly 

(Teat 6) Lustre .Very bright to dull 

(Teat 6) 8treak on porcelain . ... .Black 

(Taft 7) Specific gravity at 77° F • 

Pure varieties (containing less than 10% mineral 

matter). . . .1.15 -1 20 

Impure varieties (containing more than 10% 

mineral matter). . 1.175-1 50 

»/. Roy. Soc. Artt, If, 820. 1908. 

• "Grahamite, A 8olid Native Bitumen,” by Clifford Richardaon, J Chem Sor . 38 , 1032, 1010: 


•*Gilaonita and Grahamite: the Reault of the Metamorphiam of Petroleum under a Particular Environ¬ 
ment," by Clifford Richardaon, J. Ind. Eng. Chtm., I, 493, 1916. 
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(T**t 9a) Hifdnw, Moh'a •col*. .9-3 

(Teat 96) Htrdne**, needle penetrometer it 77* F _ 0 

(Teat 9c> lUrxinew. couwttometer tt 77* F .... Ow IflO 

(Teal 9<f) Suite ptibility factor _ > 100 

(Teat 146) Behavior on heating in flame- 

Nanny •bowing a conchoitlal fracture and a 

black lu*;re Decrepitate* violently 

Variety showing a hackly fracture and a fairly 

bright to dull luatre Softens, aplita and burn* 

(Teat l.Vi) Fusing-point iK and S method) SAW 000* F 

(Teat 136) Fusing-point (Bail and King method) . 370 62ft* F 

(Test lfl) Volatile at 500* F. 4 hra I i-aa than 1% 

(Test 19) Died carbon 30 .YN% 

(Teat 21a) Soluble in carbon disulphide 46 100* 

(Teat 216) Non-mineral matter insoluble in rarbou disulphide Das than 6% 

(Teat 21r) Mineral matter \anahle (up to 60%) 

(Teat 22) 4”arl*enea «» Ml* 1 ; 

tTe*t 23) Holuhl* in 8H° petndrum naphtha Tr V)'; 

(Teat 30) Oivgrtt in non-mineral natter 0 2'J 

(Teal .»:») I’arafline « Tr % 

(Teat 331 Hulphomtloh reaidur 93% 

(Teat 37) SaiHinihable matter Tr 

iTiwI 41) Diaao reaction No, 

(Teat 42) Authrayuuiouc inaction No. 


In general, gnthuinitc is characterized by the following feature*: 

(J) High B|*eeific gravity, 

(2i Black atrealt 

(3) High fusing-point. 

(4) High percentage of flied carbon. 

(6) Solubility of non-miueral matter in carbon disulphide 

The individual deposits < f grahamite oeeur in the following localities: 


Unitkd States 


West Virginia 

Ihlrhtt County. The original deposit oi grnlmmite was discovered in West 
Virginia 1 il was first de-cnlicd by i’rof J I' Is-slie in a pnjier reail liefore the 
Anienean Philosophical Society, March 20, lKti,’i. It is found in but a single 
loeality in Ritchie County, aisjut 25 miles southeast of I’urkcreburg. The grohamite 
filLs an almost vertical fissure in s i.d-tone, a mile long, varying in width from 
2 ins. at die ends to 4 and 5 ft. m die centre. Its depth ia assumed to be 1S0C 
to 1600 ft 

The mine has been long abandoned, as the available supply of grahamite is 
exhausted. Fig. 50 shows a view of the o|>eniiig in the hillside from which the 
grahamite haa lieen removed. Fig. 51 shows the nature and extent of die the 
wpykings. Next to the sandstone walls, the grahamite shows a coarsely granular 
structure, with a semi-dull fracture. The following layer is highly columnar in 
structure with a lustrous fracture. Finally in the centre of the vein, the grahamite 

ij P. leJts. Pror Am PM. Sot., t. !S»3. Prof Hears Warts, Pree Amtt Sot lot On A lit 
of Stitnet, It, 124, 18M. ” l intaite, Albntitc, Crshemile, and Aaphallum Described sad Colapared, 
with Obserrstioas oa Bitumen and its Compounds,” by W P Blske, Treat. Am Init Mintnt Sol , 
It, M3-82, 18811. W. M Fontaine, Am J. So.. I, October 14, 1S7S, Second Seriee; 1 C. White, 
Bull. Ontogmt Sec. del.. It, 277, 18W. 
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is more compact and massive, with the columnar structure less developed and a 
semi-dull fracture. This variation in structure, fracture and lustre is characteristic 
of grahamite deposits. 



Fuj. 50.—View of (Imhnniito Vein, Ritchie County, West Virginia. 


On analysis it tests as follows: 


Black 

1 18-1 185 

2 

Softens, burns and splits 
520 540° F 
42 15 and 42.48% 

(Test 21a) Soluble in carbon disulphide. 


Non-mineral matter ... 97 61% 

Combined mineral matter . 0.44% 

(Teat 216) Non-mineral matter insoluble. 0 17% 

(Taat 21e) Free mineral matter. 1.71% 


(Test 6) Streak on porcelain . 

(Test 7) Specific grauty at 77° F 
(Test 9a) Hardness on Moh's scale 
(Test 146) Behavior on heating in flame 
(Test 15a) Fusing-point (K and S. method) 
(Test 19) Fixed carbon 


Total. 


99.93% 
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(Teat 22) 

Insoluble in rarbon tetraehlunde 

55 0% 

(Teal 23) 

Soluble in 88* naphtha 

3 0% 

(Teat 25) 

Hydroaeopic moinure 

0 07% 

(Teat 26) 

Carbon 

S6 M% 

(Teat 27) 

Hydrogen 

8 6H% 

(Teat 28) 

Sulphur 

1 79% 


Difference 

2 97% 





rmju :-as 



Elevation 



"I . ... (bparwthf Mtnd 

... . Out to the fitch* 

'war. V.' /fc ’" 


/bxsAV Mined Out 
beion here 


6'ttxk 


,Fs.*rt above fault 

Pffat £H& L £0X& 

1 HrYMe Si*' 

fissure be to* Fault 

Plan 






r 



Fiu 51 Sections through lirahuinile Mine, Kitrhie ('minty, W Vn. 


Texts 

Fuydle and Webb Cour,tit * Itiehnnimn « report* a dc|>omt of grahamite in 
Fayette County in the neighliorhood of l^agrunge, also an oeeurrenee in Webb 
County, neir Ijiredo. in the southern jxirtion of the State 'I hew test an follows: 


(Ti-st 19) Fued car'll. 
(Ten 21f) Mineral matter 
(Teat 25) Moiatun.* 

(T««t 26) Carlson 
(Test 27) Hydrogen 
(Teat 28) Sulphur 
(Teat 29) Nitrogen 

t'nilrti rmined 


KajHt* ('onitly 
Crahaimte 
l’i*r (’nit 


37 7 

4 2 
0 3 

76 2 

6 G 

7 4 
0 4 

5 2 


Webb County 
(irahamite 
l*«T Cent 

52 8 
2 9 
0 3 
78 6 
7 5 
& 4 
1 2 
5 t 


J Am ChtM Sor It, 1032. 1910 
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Oklahoma 1 

Pushmataha County. Two small occurrences are reported in the Potato Hills 
about 5 miles north of Tuskahoma. One is in SE J, Sec. 1, T 2 N, R 19 E, 
and the other in NE 1, Sec. 2, T 2 N, R 19 E. Neither of these is of importance. 

Jaekfork Creek Deposit. The largest known grahamite vein in the 
world occurs in Jaekfork Valley, 12 miles west of Tuskahoma in the 
SE i, NE Sec 9, T 2 N, R 18 E. It is about 1 mile long, and varies 
in thickness from 19 to a maximum of 25 feet. At the surface the vein 
dips an an angle of 37°, and after continuing downward for 140 feet, 
turns suddenly at an angle between 45 and 50°. It is illustrated in 
Fig. 52. The grahamite fills a fault in shaly sandstone. The upper wall 



Fio. 52.—Vertical Section through Grahamite Mine Near Tuskahoma, Okla. 


of the vein is firm and requires no tiinliering. In mining the material, 
cave-ins are prevented by allowing pillars of grahamite to remain in place 
to support the upper “ hanging” rock wall. When the author visited the 
mine in 1912, a track was laid along the bottom wall, and the grahamite 
hoisted out in skips on a cable-way. There is evidence of large pieces 
of rock having become detached from the hanging wall and fallen into the 
deposit of grahamite before it became solid. 

As is common with most grahamite deposits, several distinct types 
of material arc found in the vein. The grahamite which occurs along the 
rock walls for a thickness of 2 to 6 ft. shows a hackly (known as a “ pencil- 

• "Grahamite Depoeita of Southeastern Oklahoma," by J. A. Taff, Contributions to Economic 
Geology; Bull. 380, U. S. Geol. Survey, p. 280, 1908; "Aaphalt and Petroleum in Oklahoma,” by 
L. L. Hutohiaon, Bull. 2, Okla. Geol. Survey, Guthrie, 1911. 
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lated”) fracture, and a semi-dull to dull lustre, whereas the gmhnmite 
taken from the centre of the vein shows a conehoidal fracture and very 
bright lustre similar to gilsonitc. 'l'his is prolwblv due to the fact that 
the grahamitc in contact with the wall cooled more rapidly than the central 
portion, and very likely has also teen subjected to more or less strain 
from movements of the surrounding rock. Many thousand tons of gra- 
hamite have t>een mined from this vein which is now pretty nearly 
exhausted (from tKKH) to 7000 carloads during the first four years, of its 
operation, and at the time of the author’s visit alsmt 50 tons per day) 
The cost of a moving to the surface is comjiftratively small (80c. to $1.00 
per ton), but the material has to Is* carted 10 miles to Tuskahoma, the 
nearest shipping point (costing alsrut $2.50 per ton). 


On analysis it testa an follow* 

(Tint I) Color in mass 
(Tent 4) Fracture (.») 

Fracture (6) 

(T«rt 5) Lustre (a) 

Lustre (6) 

(Tint 0) Streak (a ami 6) 

(Teal 7) Hpmhr gravity at 77 c F (<i ami M 

(Tint 9a) Hardness, Moll's seal* 1 

(Test 146) Behavior on heating in flame <o) 

Behavior on heating tn flame (6) 

(Test 15a) Fu»ing*po»nt (K and S notliodl (i and 6) 


Black 

('nnchmdal 

llacklv 

Bright 

Hemi-bright to dull 
Black 

1 IN 1 195 

2 

Intummoe* violently 
Soften*, split* and hum* 
4S0 U04* K 


Nrrr,; There »» no appreciable dtlTerenee in fusing-point betwren the two varieties (a and b) 


(Test 16) Volatile matter 500°. I hrs Lea* than 1% 

(Test 19) Fi*'"*! earbon (a and 6) ,r, 2 76 5A 00% 

(Test 21a) Soluhilit v hi carhon disulphide (ireater than 99 fi% 

(Test 216) Non-mim ral matter insoluble lea* than 0 6% 

(Test 21<) Free mini ml matter (a ami 6) 0 21 0 70% 



io'jojo «0 » 60 70 «0 90 100 IK) 120 ISO 1*0 150 160 

Tem pera 1 u r«, D egrees Fa h ren heit 


Fio. 53—Chart of Physical Characteristics of Fluxed Oklahoma Grahamite Mixture, 
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Fig. S3 shows the hardness, tensile strength (multiplied by 10) and ductility 
curves of a mixture of the grahamite and residual oil, fluxed together so as to 
have a hardness of exactly 25.0 at 77° F. The mixture contains: grahamite, 60 
per cent; and residual oil, 40 per cent. The resulting fusing-point (K. and S. 
method) was 277° F. The same residual oil was used in this test as for the 
gilsonite in Fig. 54, and the fusing-point of the grahamite used was 550° F. 
(K. and 8. method.). 1 

Imp-on Valley Deposit. This occurs on a branch of the Tenmile Creek on 
the SW j Sec. 21 anil NW J, Sec. 28, T 1 S., R 14 E., about 16 miles northwest 
of Antlers. It is known under various names such as .lumlx) Mine, Choctaw Mine, 
or Old Slope Mine. This is the second large-t deposit, in the State of Oklahoma. 

It occurs in a none of faulting and fracture in shale rock, and the vein is len¬ 
ticular in form, occurring as a scries of pockets of the general form, illustrated in 
Fig. 21, varying in thickness from a fraction of an inch to 80 ft. as a maximum. 
As tho dip of the vein is very stoop, the mitcrial must be hoisted out in 
buckets with a windlass, and then hauled 15 miles to Moyer, the nearest shipping 
point, at a cost of about $2.00 [ier ton. He ivy timbering is necessary on account 
of tho character of the enclosing rock. The grab unite shows the same variation 
in fracture and lustre as the Jackford Creek deposit. On analysis it tests as follows: 


Color in mass, fracture, lustre, specific gravity, Kurd ness ami behavior on heating in flame, same 
as tho preceding: 


(Test 15) 

Fusing-point (K and S method) . 

460-520° F. 

(Test 16) 

Volatile matter, 500° F, 1 lira 

Less than 1% 

(Test 19) 

Fixed carbon 

48 5 53 0% 

(Test 21a) Solubility in carbon disulphide 

90 5 -96 2% 

(Test 216) 

Non-mineral matter insoluble 

0 0- 6 0% 

(Test 21r) 

Free mineral matter 

11 6 7% 

(Tciv 22) 

('arhenes 

68% 

(Test 23) 

Solubility in 88° nnpbtha 

0 2 0 7% 

(Tost 25) 

Moisture at 100° C 

0 0 - 0 7% 

(Test 26) 

Carbon 

83 90% 

(Test 27) 

Hydrogen 

7 14% 

(Test 28) 

Sulphur 

1 04 2 24% 


Undetermined 

0 72% 

(Teat 33) 

Saturated hydrocarbons 

0 32% 


Atokn County. McGee Crook De|>osits. Two sin ill veins, one 4 in. and another 
about l ft. in thickness, occur in the SW J, See. 2d, T 1 N, R 14 K, about 1.5 
miles north we 4t of Antlers. These constitute the so-called “William's Mine.’’ 
Shafts have been sunk from l."> to 20 feet, but no! .sufficient grahmnite has been 
found to warrant continuing operations. It tests as follows: 


(Test 10) Fixed carbon 43 .V 45 7% 

(Test 21u) Soluble in carbon disulphide 95 7 99 7% 

(Test 216) Non-mineral matter insoluble ... 0 0 4 0% 

fTest 21c) Free mineral matter . .0 3% 

(Test 23) Soluble in 88° naphtha . .450 8% 


A larger deposit also occurs in the vicinity of McGee Creek, in the NE J, 
Sec. 25, T 1 8, H Id K, and NW J, Sec. 30, T 1 S, R 14 E, nljout 12 miles 

* Further data on the fusing-points and hardness at various temperatures of mixtures of the 
grahamite with a Mexican residuum will be found in J. Ind. Sng. Chem , T. 205, 1915, “Vari¬ 
ations of the Physical Characteristics of a Petroleum Residuum with Increasing P«rcei.tages o( 
grahamite,” by H. Rosabgcher, 
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southeast of Stringtown. Thia ia known as the Puinroy or Moulton Mine. Ilie 
grahamite fills a fissure, cauacd by faulting, and la rv|>ortod to lie 14 to IA ft. 
thick at the surface, tapering to about 4 ft. at a depth of 110 ft. The mine ia 
now aliandoned, but when opernt<Ml some years ago, aliout 2000 tons were mined 
annually, la*ing hauled 15 miles to Strmgtown, the nearest, shipjiing |KMi»t. A 
prospect occurs aliout J mile south of the foregoing, consisting of a vein ulxnit 2 
ft. thick. On analysis it testa as follows: 


OVut I Vi) Ku»iii2-|miu>( (K nixi S imiliosl) . 47.T' V 

(Test 1«1 Kix«it rnrlmn .'IS 42 41 0% 

iTwl .’1) Nilululily in rnrtmn diMilpItule H.'l 7 115 0% 

(Till 215) \on-ruiin ral mailer in»»t«lut»l«* 4 H 0 2% 

(Tmi 2!<*) Free mini ral maMer 0 1»S 7 1% 


Boggy (‘reek Deposit 'Plus occurs aliout ti miles nortlieast of Atoka, and 1 
mile from the M. K A T It It in the SW Sec 20, 'I' 1 S, It 12 II The 
vein occurs in shale varying in thickness from several inches to several feel It 
has long ls»en abandoned, and no analyses art' available. 

Chickasaw Creek DcjHiMt An undcvclo|icd vein m shale, carrying streaks of 
grahamite, nlmut 0 ft thick has lss*n rc|iorted in .See, IA, 'I' 1 S, It 12 K almut 

miles east of Stringtown on the M K. A 1'. ltaiimad 

Stt/ihcti* Count if This occurs ill till' NW J. See (l. 'I' 2 S, It I \V, nlmut 
0 miles north of I/ieo, and 1H miles east of Comanche This vein has U*en pros- 
|X»cted for alsiut half a mile, and occurs as a fault in sandstone and shale The 
vein is of a pronounced lenticular t\|io exist mg m a senes of |H>cket*, some as 
large as 10 ft across, often connected with a thin vein-like crack less than an 
inch wide At.several [mints the de|Ki«it pinches out entirely. In the direction 
of the vein, the jmckets measure 2A to 100 ft horizontallv and vertically. A char¬ 
acteristic feature of tins <l«*jK»sit is the infiltration of pyrites, grains of which are 
clearly visible to the naked eye The surrounding shale is jiorous, and carries 
minute particles of the grahamite, which are disseminated throughout the rock 
for some distance on Imtli sides of the \em. 1 

The material tests as follows: 


(Tc»l 4) Fracture Harkly 

(T'-M 5) laistr* 1 Dull 

iTYot «) Strcik Htsck 

(Test l.Vi) FuHinji-i'emt (K and S method) 4<U 4<W)° K. 

(Tent Ift) Fuel mrbon -»4 4 511 4% 

(Tmt 21a) Solin mrtmn disulphide *t H5 117 70% 

(Test 215) N«in-niiin*r*l matter n»»*«»lut»I«* O 10 .'I 00% 

(Tmt 21.) Free mineral muter (tnrmtlv pjntm) 2 20 14 55% 


Colorado 

C.rnnd County. Deposits of gruhanute arc found in Middle Park along the 
rontinental divide in the northern part of Grand County. A large vein oeeure 
in See. 24, T 4 N, K 77 W, on a fork of Willow Creek aliout 25 union north of 
Grand River, in a region of elay, mngloinemle and sandstone. Several veins and 
fissures have lieen proapeeteil, the nuiin vein varying in width from 2 ins, up to 
8 ft., and extending 100 to 125 ft. Comparatively small quantiti* of the gra- 


• W. R. Crane, Mine* and Mineral *, Jan , 11KHJ. 
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hamite have been mined, due to difficulties in transportation to the nearest rail¬ 
road. The product tests: 


(Test. 7) 

Specific gravity at 77° F. 

. 1.15- 1 16 

(Test 19) 

Fixed carbon . 

. 47 4 -49 3% 

(Test 21a) 

Soluble in carbon disulphide 

. 98.2 -99 3% 

(Test 216) 

Non-mineral matter insoluble 

. 0.6 - 1.7% 

(Test 21c) 

Free mineral matter 

.0 0 - 0.1% 

(Test 22) 

Carbones. 

.80 6% 

(Test 23) 

Solubility in 88° naphtha . 

. 0813% 

(Test 26) 

Carbon ... 

. 85 9 86 1 % 

(Test 27) 

Hydrogen ... 

. 7 63- 7 75% 

(Teat 38) 

Sulphur. . 

. 0.93- 0 99% 


Undetermined. 

. 5.34- 5.45% 


Mexico 

Province of Vera Cruz. A vein of gnihatnifc lias been found at Huasteea 
on the Panueo ltiver 1 in a vertical fissure, occurring in shales with an overflow 
at the junction of the shale stratum with the overlying sandstone. On analysis the 
material tests as follows: 


(Test 7) Specific gravity, tit 77° F I 145 

(Test 111) Fixt il onrhon 85 3% 

(Test 21<i) Soluble in carbon disulphide 08 8 r J 

(Tent 215) Non-mineral matter insoluble 8 4% 

(Teat 21c) Free mint ml matter 2 8% 

(Test 28) Solubility in 8K° naphtha 8 4% 


Province of Tamaulipas. Another deposit has lx*en reported near the City of 
Victoria, containing 3.4 |x*r cent of non-mineral matter insoluble in earlxm disul¬ 
phide and 54 |x*r cent of fixed carbon 


Cuba 2 

Province Pinar del Rio. In the District of Mariel, near the City of Bahia 
Honda, there occurs a fairly large vein of grahamite, known as the "Di America 
Mine,” or the ‘“Rodas Conception Mine," testing as follows: 


(Test 4) Fracture Shown distinct 

eleai arc \ein* 

(Tost ft) Lustre . . Homi-dull 

(Test 7) Specific gnu itv, at. 77° F .1 157 

(Test 10) Fixed carbon .. 40 0 42 2% 

(Test 21a! Soluble in carbon disulphide ... .... 99 4 90 6% 

(Test 216) Nun-mineral matter insoluble. .00-0 1% 

(Tost 21c) Free mineral matter ... .0 4-0 6% 

(Tost 22) Carbenes. .About 25% 

(Test 23) Solubility in 88° naphtha. 17 4-20 0% 


Another deposit occurs near the City of Mariel, 1 mile south of Mariel Bay, 
known as the “Magdalena Mine,” which extends about 100 ft. in length and 40 ft. 
in width. Large quantities of asphalt have been mined from this deport, which 
I Am J. Set . It, 277. 1876 

* "Bitumen in Cuba,” by T. Wayland Vaughan, Eno. Mining J , Tl, 344, 1902; “An Examination 
of Some Bituminous Minerals,” by F. C. Garrett,./. Soc Chfm. Ind, tl, 314, 1912, also " Tfco 
pitumens of Cuba,” by Clifford Richardson. 
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is characterized !»y the presence of al»out 40 per cent of associated mineral matter 

It tests: 


(Teat 4) Fracture 

Conchoid*! 

(Teat 5) l.uatre 

Hull 

(Tent 0) Streak on porcelain 

ItUrk 

(Teat 7) Spocifir gri«wt\, at 77° F 

1 41 1 4S 

(Teat 19) hntt carbon 

30 t) 3S o f ; 

(Teat 21a) Soluble ill cnrUm dianlphidc 

*>s': 

(Teat 216) Non-mineral niatur inaoluble 

3 ft',, 

(Teat 21c) F'rw imnerHl matter 

3h 4 1 •; 

(Teat 22) Carbone* 

1 ft b 3‘-; 

(Teat 23) Solubtlit) in SH° naphtlwi 

37 4S',' 

(Teat 2b) Carbon 

72 ft 77 v; 

(Teat 27) lltdrogen 

s » s 7' 1 ; 

(T« *t 2K) Sulphur 

u 9 7 7 r ; 

lbtli rence 

bo 11 4‘, 

Another vein occurs in this same loealit\. probably a 
ceding, known as the "Mercedes Mine," testing siinilailv 

eontimiatiou of th< 

Province of Havana. In the neighlsirhood of (*iiiii|mi 

Moritla, graimmitt 

l»cen obtametl from a mint* known as “Iji Habana." whit 

ll te-|x 

(Teat 4) Fracture 

S« no-conchoidal 

(Teat . r ») I uatre 

Dull 

(Teat (1) Sirenk on porcelain 

Itlnik 

(Teat 7) Specific grinitx lit 77 1 ' F 

1 17ft 

(Teat 19) Fixed carbon 

4ft O', 

(Tevt 21 a' Soluble in carbon di-iiljd.'d. 

UK 9\ 

(T<M 216) Noii-rintierul matter inaolnbb 

0 7'I 

(Teat 21c) Free inificrul matter 

<1 4',', 

(Teat 23) Solubility in SS° nn|ilitlin 

b o"; 

(Teat 2b) Carbon 

k< 

(Teat 27) ihdrogen 

7 ft' 1 ;, 

(Teat 2H) Sulphur 

b 4% 

Undetermined 

3 «)*:; 


A similar deposit has l>ecn retried about 12 miles east of Havana and another 
one, known as the “Casitahdad Mine,” situated al>out 0 10 miles east of Havana, 
and 2 miles south of the coast, in a vein b0Q-900 ft long and 1-30 ft. thick 
testing substantially the same ns the preteding 

Province of Santa Clara. Nine miles northeast of the City of Santa Clara 
near Loma Cruz, there occurs the dejiosit known as “Santa hloisii, in a bed of 
>erpentine. It tests as follows: 

(Te*t 4) Fracture 
(Ten 5) I.uatre 
(Teat 6) Streak 

(Teat 7) Specific gravity at 77° F 
(Teat 19) Fixed carbon 
(Teat 21a) Soluble in carbon diaulplude 
(Teat 216) Non-mineral matter insoluble 
(Teat 21c) Free mineral matter 
(Teat 22) Carbones 
(Teat 23) Solubility in H8° naphtha . 31 _33 % 

Another mine occurs a short distance from Placetas del Sur, in an irregular 
vein of lenticular form, occurring ill several hrunrhi*. This mine is known as the 


Semi-concboidal 
bright 
black 
1 29 

34 

78-79% 

1 8 - 2 2 % 

19 20% 
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"Esperanza,* and the product is characterized by its comparatively low fusing- 
point. The average material as mined tests as follows: 


(Tent 4) Fracture. . Hackly 

(Tcit 5) Lustre. Moderately bright 

(Teat fl) Streak. .... Black 

(Teat 7) Specific gravity, at 77° F ... .1 22 

(Teat 9a) Hardneaa, Mob’a scale .2 

(Teat 146) In flame. .Softens, splits and burns 

(Teat 15a) Fusing-point (K and 8 method) . 400-433® F. 

(Teat 19) Filed carbon 5'. 95% 

(Teat 21a) Soluble in carbon disulphide . 97 9-98 8% 

(Teat 216) Non-mineral matter insoluble. 0 05- 0 92% 

(Teat 21e) Free mineral matter. 1 15- 2 75% 

(Teat 366) Mineral matter combined with non-mineral con¬ 
stituents. 0.37% 


Trinidad 

Two deposits of grahamite 1 occur near Sun Fernando on the west coast of the 
island on the shore of the Gulf of Farm, known jus the Vistabella and Marbella 
Mines. The gratia mite has liecn marketed under the name of "manjak,” pre¬ 
sumably taking advantage of the popularity of the Barbados glance pitch, although 
from a geological standpoint the two minerals are entirely different The veins 
occur in soft shale and sandstone, in a region carrying petroleum in considerable 
quantities. 

A number of veins of grahamite have been uncovered, the largest known as 
the Vistaliclla mine, which measures 3(50 ft. horizontally and has l>cen mined to 
a depth of about 250 ft. Its thickness is 11 ft. at the outcrop, and increases 
steadily to 33 ft. at a depth of 200 ft. Three distinct ty|x*s have lieen found in the 
vein, viz.: 

(1) An amorphous coaly type which has a hackly fracture, and usually occurs 
at the margin of the vein. It is dull in lustre and exhibits no regular jointings. 

(2) A columnar tyi>e, of dull lustre, having a columnar jointing running at 
right angles to the margins of the vein. The jointing is often very well formed, 
dividing the material into hexagonal or pentagonal prisms. 

(3) A lustrous variety identical in appearance to gilsomtc and Barbados glance 
pitch (manjak). This has a bright lustre, and a conchoidal fracture, being found 
in the deeper workings of the mine, in the centre of the vein 

There is no chemical difference in the varieties, although it appears that at 
the centre of the vein at a depth of about 120 ft. the grahamite has a lower 
fusing-point, closely resembling the Barbados glance pitch, thus serving as a link 
between the grahamite and the glance pitch, clearly proving that both are derived 
by metamorphosis from a common source. 

A stratum of oil-l>earing sandstone is known to exist beneath the grahamite 

1 "The 8an Fernando Manjak Field,” Council Paper No. 3, 1905, Council Paper No 35, 1906, 
Council Paper No. 130, 1906, by the Government Geologist, Port-of-8pain, Trinidad, "Manjak a* 
Worked at the Vistabella Mine, Trinidad,” by J. C T Haspass, Tran* ln*t Mining Eng , Newcastle- 
upon-Tyne, Sept. 7, 1908; "An Examination of Some Bituminous Minerals,” by F C Garrett, J Soe. 
Cktm. Ind, II. 314, 1912. 
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which appears more than likely to have lx*cn derived from an asphaltic petroleum 
which intruded under pressure through a fault in the shale. 

The mining of the grahanutc is <*om(iarutively simple, but the shafts have to 
be carefully timliered, and precautions have to l>e taken to avoid igniting the 
gases generated in the working', as these arc highly explosive. It is rejxirted that 
lietween 2000 and 2500 tons are mined |x*r annum. 

On analysis it tests as follows; 


(Tm 1) 

Color in maaa 


Black 

(Teat 21 

Homogeneity 


3 diatinct type# reeog- 




nuable (aee above) 

(Teat 4) 

1 rn<lure 


Typea 1 ami 2. hackly; 




Tv pi* 3 roneboidal 

( l‘«at 5) 

I.ualre 


T> l»ea 1 ami 2 dull; 




Tvpe 3 bright 

(Teat ft) 

Streak 


Itlaek 

(Teat 7) 

Speeifie gravitv, «l 77° 1 


1 170 1 175 

(Teat 9/1) 

llnrtlfieaa, Moh‘« ■«. ah 


2 

(T* at m 

llardneaa, penetrotni I* r 


0 

(Teat 1461 

< hi In at in k hi flatm 


Suftitis, aplita ami burn* 

(Teat 1 p hi ) 

huaiMK-ianiit (l\ it ml S inuliod 1 


350 4.tK n i- 

rt The i 

in, tit ml rea* tublinit nl iii" pm h obtai 

no d from 

the ti ntre uf the vein 

level ftint <1 «t 2SO' T 1 h and ' n»ll»o«l‘ 



(Teat 156) 

I*uaiiig-iaiint (It anil It method) 


370 4fiO* F 

(Teat 19» 

Fined carbon 


.U 5 35 0% 

(Teal 20) 

Distillation test 




It. Inn IWC 

0 5^ 



150 too" c 

2ft V' r 



Above :tOO° C 

1H «>'■; 



Curbonaet mia r« aitlue 

55 o r ;, 



Tolnl 

100 0% 


(Teat 2 lo) 

Solubility in carbon diaulphid' 


1)1 7 ftft 0% 

(Teat 216) 

Non-nuneral matt* r insoluble 


0 ft 1 2% 

(Teat 21 r) 

Free mineral mat Or 


4 0 ft 4 r ;. averaging 



about 5 7 f 

(Teat 22) 

Car hern a 


About 40% 

(Tt»l 2J) 

Solubility hi 88" naphtha 




At 100-fl loil 


12 h**;, 


At 140-ft level 


15 2 % 


At 200-ft lev « 1 


1H -> 7 i 


At 200-ft level, softer material in centre 

5ft 0% 


(Test 25) Moisture 
(Tout 2ft) Carbon 
(Test 27) Hxlrogm 
(Teat 2#) Sulphur 
(Teat 29) Nitrogen 

(Teat 366) Minora! mitUt combined with non-mineral con 
atituenta 


0 2 
K« o%, 


1 0% 


3 0 3 8% 
2 2 % 


Fig. 64 shows the hardness, tensile strength (multiplied l.y 10) and ductility 
curves of a mixture of the grahamite fusing at 400* F. (K. and H. method), 
and residual oil (the same as utilised in mixture shown in Fig. 58). fluxed 
together in such proportions that the hardness at 77 F. ia exactly 250. The 




148 


ASPHALTS AND ALLIED SUBSTANCES 


resulting mixture contained grahamite, 32 per cent and residual oil; 68 per cent, 
and had a fusing-point of 200° F. (K. and 8. method). 

The Marbella vein is smaller than the Vistabella, attaining a thickness of 7 ft. hear 
its centre. It is lenticular in form and splits up into two smaller veins at one 



Fio. 54.—Chart of Physical Characteristics of Fluxed Trinidad Grahamite Mixture. 

end. The grahamite mined from the Mnrlielki vien has substantially tla? same 
characteristics as the preceding. At the 50-font level .8.8 jier cent is soluble in 
88° naphtha (Test 23) at the 125-ft. level, 9.6 per cent, and at the 200-ft. level 
12 per cent. 



OIIAPTElt XI 


ASPHALTIC PYROBITDMENS 


Tim asphaltic pyroliilumens art 1 natural sulwtnnces oomjiosed of 
hvdrocarlions, characterized by their infusibility ami comparative freedom 
from oxygenated sulwtanres. They are groujied into five classes, vi*.: 
elaterite, wurtzilite, alliertite, impHonitc, and asphaltic pyrobit ominous 
shales. The first four are eoni|>aratively free from associated mineral 
matter (usually under 10 per rent). If the mineral matter predominates, 
the material is known as an asphaltic pyrolii luminous shale, which term 
is applied indiscriminately to shales containing wurtzilite, alliertite or 
impsonite. 

Much eonfiLsion exists regarding the classification of asphaltic pyro- 
liitumens. Every now and then it is alleged that some new ty|s> is 
discovered, which on closer investigation proves to lie an old substance 
christened under a different name. Thus the so-called " nigrite ” de- 
scrilicd by (I. 11. Eldridge, 1 is nothing more than alliertite (see p. ]55). 

Elaterite, wurtzilite, alliertite and impsonite when they occur asso¬ 
ciated with less than 10 per cent of mineral matter, are distinguished 
from one another as follows: 


AllwTtlt#* 

Ifiipnoiutr 


Stnak 

- w — 

S|m-< ifir (Jrnxtl> 

«t 77“ F 

Fi*«‘«l Carbon, 
1*'T CVnt. 

1 tghi 1 roan 

o ‘.*o i or. 

2 1 

1 iglii Hroan 

1 0f» 1 07 

1 26 

Itrnati in I lark 

1 <17 1 10 

26 60 

Hla* k 

1 10 1 2.1 

60 HI 


■. . . 

_ _ 


All four are derived from the metamorphosis of petroleum, and it is 
probable that the impsonite represents the final stage of transformation 
of elaterite, wurtzilite and albertitc, an well as the aaphaltites (gilsonite, 
glance pitch and grahamite). 


'"The Asphalt and Bituminous Rork Deposits of tbs United SutaB,'’ 22d Annual Rcpprt, U. 8. 
Gaol. 8urvey, Wash , D.C. Part I, pp. 222 and 360. 1901. 
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ELATERITE 

This asphaltic pyrobitumen is the prototype of wurtsilite. It is found 
in a few localities, in small amounts and is of scientific interest only. 

England 

Derbyshire County. Elaterite was originally discovered at the Odin Mine in 
Castleton by Lister in 1673-4.' It was again described by Hatchett,’ who found 
it to be moderately soft and elastic, like India rubber, having a specific gravity 
of 0.9053-0.888. It is slightly soluble in ether (18 per cent) and swells up in 
petroleum naphtha. Klaproth 1 examined this same material, stating that it "fuses 
at a high heat, and after this may be drawn into threads between the fingers," 
also that it contains between 6 and 7 per cent of ash * 

Australia 

State of South Australia 

Coorong District. A variety of elaterite is found on the roast south of Ade¬ 
laide, Australia, known under the name of "eoorongitc." • 

Asiatic Russia 

Province of Semlryechensk 

This deposit occurs at the mouth of the Ili River, in the neighliorhood of Lake 
Balkash,* and tests as follows: 


(Test 7) Specific gravity. . . 0 005 

(Test 21a) Solubility in rarbon disulphide . . Very slight 

(Test 21e) Fret* mineral matter. 3 -5% 

(Test 37a) Arid value. .49 

(Test 376) Saponification value. 56 9 

(Test 39) Saponifiable matter 11 l 

Unsaponifiable matter 88 9% 


It is characterised by the presence of saponifiable matter, and in this respect differs from the 
foregoing. 


WURTZILITE 

This has been found in but one region, 7 as follows: 

United States 

Utah 

Uinta County. This region embraces about 100 square miles in 
the neighborhood of Indian, Lake, Avintequin and Sams Canyons, trib- 

■Mil. Traci.. 1873. 

1 Linn. Tran*., 4, 146, 1797. 

* Bttir., I, 107, 1802 

* Morrison, Min. Mao., 8, 133, 1889; and Maguire, Mitui and Mincralt, 10 , 398, 1900. 
‘Jackaon, Pharm. J., SI, 763 and 785, 1872; G. C. Morris, Proc. Acad. Philad, 131, 1877; 

Cumming, Prac. Royal Sac. Virt., II, 134, 1903; Boodle, Bull. Roy Bot. Gardens, Kew, 145, 1907. 

* Kakusin, Petroleum, I, 729, 1913. 

»W. P. Blok*, Sng. Mining J., 4t, 642, 1889; 40, 50, 1800; also 106; Tram. Am. Ind. 
Mining In#., It, 497, 1889. 




ASPHALTIC 1‘YROMTUMKNS 


ISt 


utaries of Strawberry Creek, which in (urn leads into (lie Uinta Him. 
Ihe veins occur aliout 50 mites southwest of Fort Duchesne, varying in 
length from several hundred feet to 
al»out 3 miles, and from 1 to22 in. wide, 
filling vertical faults in study limestone. 

Altogether aliout 30 veins have lioen 
discovered, closely resembling those of 
gilsonite. Many of them split into a 
manlier of smaller branches, either in a 
vertical or horizontal direction. The 
largest veins occur lietwcen the Left- 
lland and the Hight-Hand forks of 
Indian Canyon. It has lieen exploited 
under various names, including elateiite 
(improper use of this name), aegerite, 
aconite, etc. 

A view of one of the veins is shown 
in Fig. 5); a section through the mine, 
in Fig. 56; and the tramway for con¬ 
veying the product from the hillside 
mine to the valley below, in Fig. 57. 

Wurtzilitc is characterized by living 
sectile and cutting like horn or wlmlc- 
lione. Thin flakes are somewhat elastic, . „ 

comparable m a way to that of glass or ,. Vi y, _. v ,,. w „ f Wurllj | it , Miw , 
mica, rather than to the yielding elasticity Umt« ( Vanity, Utah, 

of rublier. If a shaving is liertt too far 

or suddenly, it snaps off like glass. This distinguishes it from other 
asphaltic pyrobitumens as well as the asphaltites. 

Attempts were made to find its fusing-point by heating it as high os 
800° F. in sulphur, but without having any effect. 

It tests as follows: 



(Teat 1) Color in mum . Blaek 

(Tent 4) Frarture . ... Conoboidal 

(Teat 5) Lustre . ... Bright 

(Teat fl) Streak Jjght brown 

Extrrmrly thin splinter* are aembtranaparent, ahoaing a 
deep re<i color by tranainitled light 

(Teat 7) Specific gravity at 77° F .I 04-1 07 

(Teat 9a) Hanlnemt, Moh'a Scale . Between 2 and f 

(Teat 96) Hard nee* at 77° F (penetrometer) .0 

(Teat 9r) H&rdneaa, ronaiato meter, 77* F. Over 160 

(Teat 146) On heating in flame . .Hoftena and bumg 

quietly 
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(Tf*t 15) Fusing-pot lit 


lftl Volatile at 325* F , in 7 hr» 

(Tent 111) Fmtl carbon 
lTn>t 20) Distillation teat: 

0 150° C .... 

150- 200" C 
200 >M a C 
2.50 300" C 
Carbon ace-wu* residue 

(Teat 2Id) Soluble in curiam tli»ul|»hi<t«* * 

216i Non-tmmral mattu insoluble 
(T«at 2lf) Mineral tuattir 
(Teat 22) Carben.-a 
(Teat 23) Ndijhh* in hs° naphtha 
(Tr*t 24) Crania a«*lin 100 uraim* cold *»l\u>t 
Arm I n« elate 
Ann I alcohol 
Atm I nitrate 
Aniline 
Het.lol 

Carlw.n t* tra« hl*>rnle 
Chloroform 

kth\l aeetnte 
Kt In I alcohol 
Kth\ l ether 

Naphtha t»2 c 
Nitrobi mine 
I’ropx I alcohni 
Toluol 
Turj^ntine 
(Teat 2ft) Carlw.n 
(Teat 27) litilrogen 
(Teat 2*i Sulphur 
(Teat 2D) Nitrufpn 


Doe* not (uM 
without deeom- 
poaition 
1 3 % 

5-25% 


I ft 1ST, 

21 70% 
yi'o 
o yi% 

3ti 02'; 

ft io% 

Hft Wft% 

0 2 2 5% 
0 0 I 5% 
0 2% 

. Insoluble 
Inaoluhle 
Insoluble 
Insoluble 
Insoluble 

1 K 
1 

Insoluble 

Insoluble 

Inaoluble 

2 K 

Inaoluble 
Inaoluble 
0 1 
45 

71) 5 K0 ir; 

io 5 12 ft'; 

4 0 ft 0",. 

1 H 2 2% 


Ai.HKHTITK 

This is a generic term applies I to a pimp of asphaltic pyrobitumens 
similar to the t\|>c-siibstuiico which was formerly mined m Allierl County, 
New Brunswick, Canada, characterized by its: 

(1) Infusibility; 

(2) Insolubility in carlsm disulphide, etc.; 

(3) Specific gravity (1.07 to 1.10 at 77° F.); 

(4) Percentage of fixed earlsm (25 to 50 i>or cent); 

(5) Small [lorccntagc of oxygen present (less than 3 [icr cent). 

It occurs in several localities, of which the typical deposit will be 
described fiist. 

Canada 

Province of New Brunswick 

County of Albert. In 1849 a local geologist, Dr. A. Gesner, discovered 
i substance originally termed " albert coal,” subsequently renamed 
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“ albertite,” 1 on Frederick Brook, a branch of Weldon Creek, near Albert 
Mines, 20 miles south of Moncton. Shortly after this, litigation gave rise 
to a discussion whether or not the mineral was a true coal. The courts 
decided that it was, and not until many years later was its true status 
determined. 

The principal vein has been traced approximately 2800 feet and 
varies in thickness from several inches to a maximum of 17 ft. It is 
connected with a number of smaller lateral veins which in turn break up 
into still smaller offshoots. The maximum depth reached by mining 
operations was approximately 1400 ft., and it is estimated that alto¬ 
gether 230,000 tons have Irecn mined. The main use of the product was 
to enrich bituminous coal in the manufacture of illuminating gas, but it 
is no longer available, as the mine has ireon inactive for many years. 

This occurrence takes the form of a true fissure vein cutting across a series of 
beds of so-called “oil shales," which will !>e described in greater detail later (see 
p. 162). Mention should lie made here that the surrounding shales abound in fossil 
remains of fish, which indicate that albertite and its associated shales are of animal 
origin. 

On analysis it tests as follows: 


(Test 1) Color in mam . Blsok 

(Teat 2) Homogeneity . Uniform 

(Teat 4) Fracture .... Conehoidal to liackly 

(Te»t ft) Lustre ... .... Bright 

(Te»t 6) Streak.. .... Brown to Mink 

(Test 7) Speeifio gravity at 77* K.. . 1.075-1001 

(Te*t 9a) Hardness, Moh's scale. 2 

(Test 96) Hardness, penetrometer, 77® F 0 

(Test 9c) Hardness, eonnistometer, 77® F Greater than 150 

(Test 14c) On heating in flame. Intuniesccs 

(Test 15) Fusing-point. .Infusible. Decomposes 

before it melts 

(Test 19) Fixed carbon .2ft -50% 

(Test 21a) Soluble in carbon disulphide. 2 -10% 

(Test 216) Non-mineral matter insoluble. . . . 85 -98% 

(Test 21c) Mineral matter. 0 1-0 2% 

(Test 23) Soluble in 88® naphtha 0 5-2 0% 

(Test 24) Solubility in pyridine (boiling). 25 -35% 

r n nr iv v 

(Test 20) Carbon. 83.44% 85.40% 85 53% 80 31% 87.26% 

(Teet 27) Hydrogen. 10 08 9 20 13 20 8 90 9 02 

(Test 28) Sulphur. 0.44 Trace 1.20 Trare 

(Test 29) Nitrogen. 3 10 0.42 2.90 1 75 

(Test 30) Oxygen .. . 2 22 . 1.97 

Undetermined. 0 04 0.12 .... 0 10 1.21 


100 00% 100 04% 100 35% 100 24%' 09 83% 


*C. T. Jackson, Proe. Boston Soc Nat. Hist., I, 279; Wetherill, Trans. Am. Phil. Soc , Phxlad., 
353, 1852, "Albertite,” Dr J W Dawson, F G.S., “Acadian Geol." Edinburgh, p 198, 1805" 
"Albertite," C. H. Hitchcock, Amrr J *Vi. S», pt. 2, 287, 1805; W P. Blake, Trans. Am Inst. 
Minin* Eng , 18, 503-82, 1889, Milner, J Mining Sot. Nova Scotia. IT, 62. 1012: "Oil Shales of 
Amgriwt,” by C. Baskerville and W. A. Hamor, J. Ind. Eng. Chcm.. 1, 507, 1909, 8, 73, 1913, 
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Province of Hove Scotia 

Pictou County. An unusual deposit occurs immediately below the well-known 
McGregor seam at Stellarton. The approximate thickness of the bed is given as 
5 ft., subdivided as follows: 

(1) A layer of coal 1 ft. 4 in. wide. 

(2) A layer of albcrtitc 1 ft. 10 in. wi^le, 

(3) A layer of pyrobituminous shale 1 ft. 10 in. wide. 

The' species of albertitc has lieen exploited under the name "stcllarite." It 
seems to represent a state of transition lietweeii true allx'rtite and the cannel 
coals, of which the .Scotch mineral torhonitc (see p. 100) is a representative. The 
bed contains fossil animal and vegetable remains. A splinter of stcllarite may tie 
easily lighted with a match and will burn with a bright, smoky (lame, throwing off 
sparks like stars (whence its name). It was formerly used to enrich bituminous 
coals in the manufacture of illuminating gas. The layer of coal is an ordinary 
fat-coking coal, showing a laminatisl structure, and containing 02 00 per cent of 
fixed carl sin and 4 :(3 |ier rent of ash 

The stcllarite ami associated pyrobituminous shale tests as follows: 




Slel turtle (nlturhlt) 

1‘yrohilumtnout ah alt 

(Test 1) 

Color in mass 

Brown to black 

t i ray black 

(Teat 4) 

Fracture 

Hackly 

('onchoida! 

(Teat .5) 

Lustre 

Kcnu-hright to dull 

Dull 

(Teat 6) 

Streak 

Hcddiali hrowu 

Brown 

(Teat 7) 

Specific gravity nt 77° K 

1 07 1 10 

1 Ml 1 78 

(Teat 15) 

Fuamg-poi'it 

Infusible 

Infuaiblc 

(Teat 19) 

Fixed carbon 

22 3.5- 2.5 23% 

8 3 -12 3% 

(Teat 21a) 

Soluble in carbon disulphide 

2 O'J. 

Trace 

(Teat 21c) 

Mineral nmtur 

8 2 8 9%. 

r> 2 0 fi2 0% 

(Teat 2.5) 

M Mixture 

0 2 0 3% 

0 0- 1 0% 

(Teat 20) 

Carbon 

88 i';. 


(Teat 27) 

Hydrogen 

ii r;. 


(Teat 28) 

Sulphur 

o r; 

0 2.5 0 74% 

(Teat 29) 

Nitrogen 

0 2', 


(Teat 30) 

Oxygen 

o y; 



The presence of the very small percentage of oxygen (0.5 per rent) differentiates 
the material from lignite and the other noil-asphaltic pyrobitumens, thus corre¬ 
sponding with the ultimate analysis of the New Brunswick alliertilc. 


United States 

Utah 

Uinta County. A vein of altiertite (christened “nigritc” by Kldridge, see p. 
140), 120 ft. long, showing a maximum width of 20 in., is found 8 miles from Helper, 
and 5 miles east of Soldier Summit, having the following cliaracteristics: 


(Teat 4) Fracture . . 

(Teat 5) Lustre ... 

(Teat 6) Streak 

(Teat 7) Specific gravity at 77° F. 

(Teat 9a) Hardncsa. Moh’a scale. 

(Teat 14b) Heating in flame. 

(Teat 1.5) Fuaing-point. 

(Teat 19) Fixed carbon . 

(Teat 21o) Soluble in carbon disulphide. 


Conchoid al 
Semi-dull 

Brownish black to black 

1 092-1.099 

2 

Splita #nd burns 
Infusible 
37 -40% 

3 -0% 
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(Test 215) Non-mineral matter insoluble . 94.20-97% 

(Test 21e) Mineral matter . 9 2% 

(Test 23) Soluble in 88° naphtha .Trace 

(Test 28) Sulphur. 1.0% 


Australia 

Tasmania. A species of ulliertite described under the name of “tasmanitc” 1 
has been reported near the River Mersey in the northern portion of Tasmania. 
It is found disseminated in a pyrobituminous shale and complies with the following 
tests: 


(Teat 1) Color in mass 

(Teat 2) Homogeneity. 

(Teat 4) Fracture 
(Teat 5) Lustre 
(Tent 8) Streak. 

(Tent 7) Specific gravity at 77° F 

(Teat 9a) Hurd liens, Moh’a urate, 

(Teat 15) Kiuong-pnint 

(Teat 21a) Soluble in carbon duuiiphide 

(Test 21c) Mineral matter 

(Test 28) Carbon 

(Test 27) Hydrogen 

(Teat 28) Sulphur 

(Teats 29 and 30) Nitrogen and oxygen 


Black 

Uniform 

Oonohoidal 

Bright 

Yellowish brown 

1 10 

2 

Infusible 
Trace 
8 14% 

79 2 -79 3% 

7 2-7 4% 
f» 28- 5 32% 

4 93% 


Libollo 


West Africa 


A species of albertite is reported at this ioeaiity under the name "libollite.” 1 


IMPSONITE 

This represents the final stage in the metamorphosis of asphaltites 
and asphaltic pyrobitumens. It is characterized by its: 

(1) Infusbility and insolubility in carbon disulphide; 

(2) Specific gravity (1.10 to 1.25); 

(3) High percentage of fixed carbon (50 to 85 per cent); 

(4) Comparatively small percentage of oxygen (less than 5 per 

cent), which differentiates it from the non-asphaltic pyro¬ 
bitumens. 

The weathered asphaltities taken from the exposed portions of the 
vein, where they have been subjected for centuries to the action of the 
elements, closely resemble impsonite in their physical and chemical 
properties, and may therefore be classified as such. Outcrops of gra- 
hamite are especially prone to inefamorphize into impsonite, and many 
prospectors have lieen misled on this account. 

>A. J. Church, Phil. Mag , 18 , 465, 1864; Newton, Deal Mag , 8, 336, 1875; Stephens Pros Rov 
8oc. T<u., #. March, 1878. ' ' 

1 Gome*, Comm. Dir. Trabalhot Otol., Portugal, t, 244-290 ; 4, 206, 1890-8. 
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The following represent the most importiint deposits: 1 


I’nitko States 


Oklahoma 

hi Flore Count'/ One of the largest de|tosits of nnpsomtc occurs 2 miles east 
of Page on the southern slotto of Mark fork Mountain tS See 2t, T It N, U 2ti K), 
filling a fissure caused hv a fault The vein is alsiul 10 ft thick, anil has lieen 
mined to some depth It complies with the following tests: 


(Toot 1) Color in mass 
(Tost 4) Kruotnro 
(Tost 5) Lusire 
(To«t 0) Streak 

(Tost 7) Hpoctfho gravity at 77° F 
(Toft 9n) Hardness, Mob's scale 
(Teat 146) Heating in flame 
(Tost 15) Fusing-point 
(Tost 19) Fixed carbon. 

(Tost 2la) Soluble in onrbon disulphide 

(Tost 216) Noii-riiiiioral mutter insoluble 

(Tost 21r) Mineral matter 

(Tost 24) Solubility hi pyridine (boiling) 

(Tost 25) Moist tire 

(Tost 28) Sulphur 


Hlaek 

Hackly 

Soiru-dull 

Hlaek 

1 235 

2 3 

Decrepit at 
Infusible 
75 O 81 o*'; 
4 «% 

93 99% 

0 7 2 5% 
3 HS% 
01-1 5% 

1 09% 


Murray County. Impsomte has boon reported • r » miles northeast of DoiiRherty 
(See. 33, T 1 S, K 3 K), in a vein about IS in thick at the top and 7 ft. at the 
bottom. Its characteristics are similar (o the preceding 


Arkansas 

' Scott Count,/ Another deposit of Impsomte occurs in the western part of 
Four,he Mountain, alaiut 12 miles east of the Hlaek Fork Mountain locality m 
Oklahoma The exact locality is I mile east of Fugle Cap, and 2 miles cast ol 
Harris It occurs in a region of shale and sandstone, and tests as follows: 


(Tost 1) Color in mass 
(Tost 4) Fraoturo 
(Tost 5) Lustre 
(Tost 6) Streak 

(Tost 7) Spoolfio gravity at 77° F 

(Tost 9a) Hardness Mob's scale 

(Tost 146) Heating m flame 

(Tost 15) Fusing-point 

(Test 19) Fixed carbon 

(Tost 216) Non-mint ral mutter insoluble 

(Tost 2la) Soluble in carbon disulphide 

(Tost 21c) Mineral matter 

(Tost 28) Sulphur • • • 


Hlaek 

Hackly 

Hotm-dull 

Hlaek 

I 25 

3 

D»*cr< pt dates 
Infusible 
SO 0% 

99 3% 

Trace 
0 6% 

1.38% 


Nevada t . . , 

Eureka County. A deposit is reported 15 miles south of Palisade m Ime C.reek 
vailev, in a vein filling a fault about 500 ft. long and of unknown depth, lta 
physical and chemical characteristics are similar to the preceding. 

. "Crahamite Dcpo.il, Found in Extern Ollsbomn.” by J. A. T.it, Bullclin No. 3*0. U. 
8 Nev*d, t " by Boben And,™, BuUrUo No. 

380, l'. S. Gcol Survey, Wwh., D. C., P 283, 1909. 





CHAPTER XII 
PYROBITUMINOUS SHALES 

Undkk this heading will he considered the oil-forming shales con¬ 
taining pyrobitumens associated with earthy matter, which will produce 
oily or tarry distillates upon being subjected to destructive distillation. 
Oil-bearing and asphalt-bearing shales from which petroleum or asphalts 
may be extracted with solvents are not included. The well-known 
shales in Prance occurring at, Autun (Saone-et-Loire) and Bruxidrcs-les- 
Mines (Allier) consisting of semi-liquid asphalt associated with shales 
shall accordingly bo excluded, although these have been classified indis¬ 
criminately with the true pyrobituminous shales by other writers. 

Pyrobiturninous shales may be sub-divided into two classes: 

(1) Asphaltic pyrobituminous shales, in which asphaltic pyro¬ 
bitumens (elaterite, wurUilito, albertitc or impsonitc) are associated with 
shales. 

(2) Non-asphaltie pyrobituminous shales in which non-asphaltic 
pyrobitumens (canncl coal, lignite or bituminous coal) are associated 
with shales. 

Little or no attempt, has been made to differentiate between these two 
groups, on account of the difficulty in identifying the bituminous material 
present. This will become apparent when it is considered that, pyro¬ 
bitumens are substantially insoluble in solvents and are moreover masked 
by the associated mineral matter, which interferes with the usual dis¬ 
tinguishing tests, such as the specific gravity, lustre, streak, etc. Up 
to the present time all pyrobituminous shales have lieen referred to under 
the general term “ oil shales,” which is really a misnomer. 

The following means are suggested to differentiate the two classes: 

(1) By the pyrobitumens found locally. 

The presence of asphaltic bitumens in the vicinity would indicate an 
asphaltic pyrobituminous shale. Similarly, non-asphaltic pyrobitumens 
would tend to establish the identity of the shale as non-asphaltic. If 
both types are present,, the evidence is non-eonclusive. 

(2) By the associated fossil remains. 

If vegetable (plant) fossil remains only are found associated with the 
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lftti 


shale, the indirations are that it is non-asphaltic, since it is definitely 
established that the non-asphaltic pyrobitmnens are of ngetable origin. 
On the other hand, if animal (fish or mollusc) fossil remains are present, 
the slmle will more than likely represent the asphaltic pyrobituminous 
variety. 

(3) Effect of heat on the solubility,— 

On heating in a closed retort to 300 to 400° C., asphaltio pyro¬ 
bituminous shales will depolymerize and become more soluble in carl>on 
disulphide (see p. 57), whereas the non-asphaltic pyrobituminous shales 
remain unaffected. 

(4) By the percentages of fixed carbon and oxygen (calculated on 
the basis of the non-mineral matter present). These two criteria, con¬ 
sidered together, furnish the most reliable means of distinguishing 
between the two classes of shale, as will be observed from the following 
figures, calculated on the basis of the non-mineral constituents present: 

j ]Vf ( «*nt I'lan| JNt (VnJ Oxygon 
j Curium ((’.ilnilnttMl (Calrti|nl««d on the 
on tin Mim rnl-frw Minortl-fror llaata) 

lltoisi 

5 25 Lom than 3 

111 

is 20 II 10 

is an IS-2S 

I 25 so :i 18 

It will be noted that the percentage of fixed carbon calculated on the 
mineral-free basis, runs lower than in the corres|>onding (pure) pyro- 
bitumens (see p. (it) and p. 183), due to the presence of the mineral 
matter, which assists in the combustion of the carlion during the test, 
decreasing the yield of "fixed carbon,” and at the same time increasing 
the percentage of volatile constituents. This is important from a com¬ 
mercial view-point. The most valuable pyrobituminous shales arc those 
which produce the largest amount of volatile matter when subjected to 
destructive distillation. This is true with the allicrtitic cannel coal 
(torbanitic) and lignitic shales, whereas the bituminous coal shales 
yield but little volatile matter and have no commercial importance. 
Two types of bituminous constituents are present in non-asphaltic pyro¬ 
bituminous shales, viz.: (1) macerated and carl>onized plant remains 
similar to coal, and (2) yellow resinous bodies representing the last stage 


Asphaltic Purobituminou * Shalt* 
Wurtnlitr ”1 
Albertito hIihIvs 

Xnn-asphtll't- Pi/rohUuminann Shah* 
Ctinm’l rn.il *»hnU‘4 
I Ignite Mluilfl 
IhtumiiKHH mal tlinl* * 
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in the oxidation of the woody tissue. 1 Elaterite, wurtzilite and impsonite 
shales are rarely found. 

Before taking up the shales proper, we will first, consider the proto¬ 
substances of the cannel-coal shales, namely the “ cannel ” or “ parrot 
coals ” (called so on account of the crackling noise taking place on com¬ 
bustion), of which “ torbanite ” and “ pyropissitc ” are the best known 
examples. These represent the pure bituminous constituents as they 
occur in the respective shales, and accordingly furnish a valuable in¬ 
sight into the composition of the shales themselves. (See p. 60.) 

Torbanite is now extinct, but was mined in large quantities at Torbane Hill, 
near Bathgate in Linlithgowshire, Scotland, from 1850 to 1802. It is also known 
under the names “torbanehill mineral,” “boghead cannel coal,” and “bathvillite,” and 
tests as follows: 


(Test 1) Color in mans. Brown to nearly black 

(Teat 2) Homogeneity. Uniform and amorphous 

(Teat 4) Fracture. Mub-conchoidal 

(Teat 5) Lustre. Dull 

(Teat 0) Streak .... Yellowish 

(Toat 7) Specific gravity at 77° F .... 1 17-1 32 

(Teat 9<i) Hardness, Moh’a scale .... 2 

(Teat 146) Heating in flame Ignites, splits and burns 

(Teat 13) Fusing-point . Infusible 

(Teat 19) Filed carbon ... 6 0 13 3%; 

average 7 65% 

Same calculated on non-mineral matter 9 6% 

(Toat 21a) Soluble m carbon disulphide Slight 

(Tost 21r) Mineral matter 12 S 23 2',' 

(Teat 23) Solubility in 88° naphtha Less than 1 6% 

(Test 26) Carbon 78 07 78 80 % 

(Teat 27) Hydrogen 11 11-11 40% 

(Tost 28) Sulphur 0 50-0 70% 

(Test 29) Nitrogen . 0 55-1 37% 

(Teat 30) Oxygen . . 9 08 10 22% 


Torbanite differs from the asphaltic pyrobitumens in its physical properties, also 
in containing a greater percentage of oxygen and because it shows distinct signs 
of having originated from plant growth. For many years there was much discus¬ 
sion regarding the exact status of torbanite, and whether or not it represented a 
true coal.* It probably represents a state of transition between vegetable matter 
and the true non-asphaltic pyrobitumens. The cannel or boghead shales found in 
the Lothians (Scotland) consist of bituminous substances of the nature of tor¬ 
banite (termed “kerogen” by the Scottish geologists) associated with more or less 
mineral matter. 

Pyropissitc is a secies of cannel coal, formerly mined at Weisscnfels, near Halle, 
Saxony. It contains plant remains, showing unmistakable traces of the cellular 
tissue, and tests as follows: 

(Teat 1) Color in mass 
(Teot 2) Homogeneity. 

»H. R. J. Conacher, Gtol Mag, 4 , 93, 1917. 

* Watson Smith, J, Sot Chrm Ind , 28 , 398, 1909, 


Grayish brown 
Uniform 
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(Test 4) 

Fracture . . 


Srmi-conehoidaJ 

(Test 5) 

Lustre 


Earthy 

(Test 6) 

Streak 


Yellowisli-broirtt 

(Test 7) 

Specific gravity at 77° F (dry material) 


0 9 11 

(Test 146) 

Behavior on heating in flam'’ 


Melts easily to a 




piteh-hke mass 

(Test 19) 

Fitefi carbon 


m i,v;. 

(Test 21a) 

Solubility in carbon disulphide (when dry) 


<10% 

(Test 216) 

Non-mineral matter insoluble 


32 3% 

(Test 21 r) 

Mineral matter 


7 7 12 1% 

(Test 25) 

Water 


Variable, up to 50- 




60% 

(Test 26) 

Carbon . 

77 0% 


(Test 27) 

Hydrogen .... 

12 6% 


(Test 28) 

Sulphur 

0 2% 


(Test 29) 

Nitrogen 

0 3% 


(Test 30) 

Oxygen .... 

9 9% 



Total 

100 0% 


(Test 33) 

Paraffine 


02% 


It will be observed that pyropisMlt* contains a good pro|»ortion soluble in car¬ 
bon disulphide, ie, the so-called montan wax (see p 71>>, and may therefore 
be considered a “serni-pyrobitumen,” falling on the Imrdor line lietwmi vegetable 
matter and non-asphaltie pvrobitumens In the same way. the pyropissitic shales 
may be classified as 4, scmi-pyrolutuminous shales ” On destructive distillation, pyro* 
pissite yields: gases 8-12 per cent, water 8 12 i>er cent, tar fit M j>er cent (specific 
gravity 0KM)111) and coke 12 2ft jht cent 1 

We will now consider the more important dejiosita of pyrobituminouo shales 
throughout the world: 

United States 

Lignitic and bituminous coal shales 2 arc found in the States of Ken¬ 
tucky (Breckenridge County), Virginia, Tennessee, north-western Colorado 
(in the neighborhood of the Green River), northwestern Utah, Missouri, 
Nevada (Humboldt River opixisitc Elko), Wyoming, Montana (Big 
Blackfoot River near Green Falls) and California (Cholamc Valley north 
of Parkfield). 

The principal beds of pyrobituminous shale may be traced along a 
line from central Alabama, northeastward through Tennessee and Virginia, 
and thence westward across central Ohio, passing close to ( olumbus, 
reaching the Ohio River near Vanceburg. From this point, the shale 
makes a loop through central Kentucky, past I«ebanon, extending to 
Louisville, from which it stretches in a broad belt northwestward across 


1 Scheithavier, "Fabrikation dcr Mincralnlc '* p 21. 

t Second Kept . Gool Surv. Kentucky, T. 211. 1856; "Oil Shale, of America. Baskemllc and 
Hamor, 1 Ini. Ena rhrm , 507. 1909. "Amiritan Oil Shale*," Baakcrvflle and llamor, 8th, 
Intern. Cona of Appl Chem . M. Ml, 1012, Day m "Mineral lleaourre, of tb.- Unit.'d Slatej. 
11. 1071, 1013. Woodruff and Day, Bull. .A81-A. U. 8 O.ol Surv. W..h,, D C, 1918, Da 
Beque. Ena. M,mn t J , M, 773. 1013; U. 8 Comm. Rept , Ma'eh '3. 1916; 0d Rmouw* of 
Black Shalea of the Eaatarn V. 8 ,” O II Aahtey. Boll. MI-L, l . 8. Oeot. Sura., Waah., D. C„ 
1917. 
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Indian*, past Indianapolis, almost reaching Chicago. They are known 
as the Chattanooga, New Albany and Ohio Shales. 

Canada 1 

Province of New Brunswick. Pyrobituminous shales, known as “albert shales,” 
or “arcadian shales' 1 (termed “oilite” by the local geologists) have a wide dis¬ 
tribution in Westmoreland, Albert and Kings counties. On destructive distillation 
these shales yield products similar to those derived from the distillation of albertitc, 
and the composition of the non-mineral matter is supposedly similar to the latter 
The albert shale series in places attains a thickness of about 1000 ft. and is made 
up principally of the shales themselves, associated with other inter-bedded sedi- 
mentaries. In color the shales may be either gray, dark brown or black. Certain 
varieties, such as the so-called “curly” shales, show a massive structure and break 
with a conchoidal fracture, while others have a laminated structure and separate 
readily into thin, flexible layers. In the massive varieties, veinlets of glossy black 
material, resembling all>ertite, are not uncommon. Fossil remains of fish abound, 
especially in the laminated varieties. 

The shales found at Turtle Creek in the neighborhood of Baltimore, Albert 
County, have the following composition: 

Moisture . . 0 36- 1 54% 

Ash . . 44 21 - 5(5 10% 

Filed carbon. 3 211- 5 05% 

Sulphur. . 1 04- 1 70% 

Ultimate analyses are not available, but there seems to lie little question that 
the non-mineral matter closely resembles albertitc. 

Province of Nova Scotia. Asphaltic pyrobituminous shales, also known ns 
"arcadian shales,” are found in Pictou and Antigonish counties. Some of the 
shales are of the asphaltic and others ot tne iion-asphaltie pyrobituminous class. 
Of the former the so-called "stellaritc shales" in Pictou (see p. 155) may be 
cited as an example. True coals are also found in this region, associated with coal 
shales (lignitic and bituminous). 

Newfoundland. Black bituminous shales occur on the north side of Notre 
Damo Bay, Cap Rouge Peninsular and in the neighltorhood of Deer and Grand 
Lakes. These are probably of the nature of bituminous coal. Analysis of one 
specimen shows it to contain: 

Fixed mpbon . 35% 

A*h.29% 

Province of Quebec. Pyrobituminous shales, or shaly sandstones, occur on 
certain streams emptying into the Gaspd Basin, principally along the York and 
Dartmouth rivers. Thus far, these shales are of scientific interest rather than of 
commercial importance. Unlike the shales of New Brunswick, the bituminous con¬ 
stituents occur as small particles physically combined with rather fine-grained 
shaly sandstone bands. These particles are of a black or brown color, and show a 

* *'Mineralogy of Nova Scotia," by H. How, Canadian Dept, of Mines for 1908, Bull 1072, 
p. 132; Bull. 1120, p. 200, 1909; "Joint Report of the Bituminous Oil-shalea of New Brunswick 
and Nova Scotia," Bulla 55 and 1107, 1910; "Tho Oil Shales of the Maritime Province*,” by 
R. W. Ella, J. Mining Soe. Nova Scotia. 14, 1900-10. 
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pale yellow streak, conehoidal fracture, aa,l vitreous lustre. The ahalea contain 
from 50 to 70 per cent of mineral matter, ami yield 7 to 10 per rent fixed carbon. 
They are therefore probably of the asphaltic pvrohitummous variety 

The so-called "Utica Shales” are found along the St. Uwrenco Iliver all the 
way from Quebec to Montreal. Farther west the shales may be traced along the 
Ontario Peninsula along the shore of Like Ontario in the vicinity of Port Hope, 
continuing along the shore of Lake Huron near Oeorginn Bay, and particularly 
in the neighliorhood of ( ollmgwood. These contain aliout 90 per cent of mineral 
matter, the non-mineral constituents living probably of a ligneous character. 

BlIAZIl, 

/ turtncc if Hnhm. Pyrobitimnnous whales of uncertain composition have been 
reported in the Camnimi basin. 1 

I'nci.axd 

A iK'lt of pyrobitununous shales of the ligtufie and cannel coal varicties (known 
as the Kimineridge Shales) stretches from Dorsetshire iutosi to Liiiroliitdnrc and 
Norfolkslure m thin seams 2 

So il'LAM) 

This is the home of the shale industry, which is still being worked very 
actively. The Scotch shales (known ns “ hot limn ") as at present worked 
occur in a well-defined area lying 12 miles west of Kdinbuigh on the south 
side of the Firth of Forth, from Ilo|>etoun southwards for Hi miles to 
Coldteushaw, varying in width from ii to 8 miles.-' They oecur ns a fine¬ 
grained, brownish, brownish black to black clay shale in the Upper Caleif- 
erous Sandstone Scries, having a distinctly laminated fracture, a dull 
lustre, and a specific gravity at 77° F. of 1.75. Itich shales also occur 
on the north side of the Forth in Fife,shire; and in Fdinburghshire and 
Linlithgowshire, strata of shales are found in the Lower Caleiferous Sand¬ 
stone Series, not very rich, hut which may nevertheless pay to work some 
day. The shales are divided into two classes known as "plain” and 
“ curly ” depending upon the predominence of the Ian mated structure. 
The best varieties are distinguished by being cut into thin shavings 
with a sharp knife without breaking. These shales may lie classed as 
torbanitic, and are now mined in the following counties: 

Edinburghshire (mid Lothian) PumjihmUm, Oakbank, New Farm, Roman Camp, 
Imjlffton, l.imefield, nml Cousland. 

1 Branner, Tran* Am. In*t Mining Eng , SO, 537, 1001 

•"Kimmeridge Khali*, It* Origin. History, ami IV*." Burton Greene London 1886; "Pe¬ 
troleum and It* Products" Bowrton Redwood, Vol 1. l*t Edition, p. 14, William*, J. Ckem. 
Soc . 7. 97; Phil. Mag , 8, 209 

> •* A Practical Treatise of Mineral Oil* and Their By-product*,” by Iltyd Redwood. London, 
1897. “Oil Shale* of the Lothian*," Part I 'Geology of the Oil Khale Field*." by H M. 
Cadell and I S Grant Wilson. Part II "Method* of Working Oil Khali**,” by W. Caldwell; 
Part III "Chemistry of the Oil Khali**." by D R Hteuart. »**»ed by the Dept, of Mine*, 
C.eol Survey, Boot land, 1906; Tran* InM Mining Eng, tf. 314 E, 1902; "The Shale Oil ladu* 
try." D R Kteuart. J Soc Chcm Ind. 14. 774, 1910 
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Linlithgowshire (West Lothian). Broxburn, Dalmeny, Bathgate, Uphal!, Philips• 
toun, Farkneuk, Addiewetl, f/opetoun, Westwood, Deans, Seofield and Newliston. 
Filestore. Burntisland (now stopped). ( In these counties, in the early (lays of 


Lanarkshire. Turbrox and Cobbinshaw. 

Stirlingshire. Blackrigg. 

Renfrewshire. 

Ayrshire. 


the industry, cannel coal and shales 
were mined from strata at a higher 
horizon than the Cnlriferous Sand¬ 
stone Scries in the coal measures, 
but the deposits have since been ex¬ 
hausted. 


Germany 

Pyropissitie and lignitic shales are found in Rhenish Prussia, Saxony (in the 
so-called Hallo District at Halle, YVeisscnfcIs, Zeitz, Aseherslobcn and Kislelien), 
Hesse (Messed near Darmstadt), Bavaria and Wittenberg (Iteutlmgen).’ 

Spain 

Shales of uncertain composition occur in the Ronda District in the southern 
portion of Spuin. 

Austria 

Lignitic shales are found in Moravia, Bohemia and in the Tyrol. 

Australia 2 

Hew South Wales. Here we find the roorangitie shale designated locally as 
“kerosene shale," the non-mineral portion of which corresponds to the asphaltic 
pyrobitumen coorangitc (see p. 150), tin 1 joailja shale, the classification of which 
is questionable, and the asphaltic pyrobitinninnus shales of the Wolgan and Cupertee 
Valleys at Miirrurundi, Torbane, Capertee, and Wolgan. 

New Zealand. Here the shales are reimrted to occur at Orepuki. 

Tasmania. 

Queensland. 

Victoria. 

From the foregoing it will lie apparent that the subject of “ pyro- 
bituminous shales” is an extremely complicated one, still requiring a vast 
amount of research work before all the deposits can be correctly classified. 

Pyrobituminous shales are treated exclusively by subjecting them 
to a process of destructive distillation in suitable retorts to recover the 
tarry distillate and ammonium sulphate as will be described in Chapter 
XVI. The intrinsic value of the shale is dependent upon the amount of 
shale tar and ammonium sulphate obtained. It is interesting to note in 
passing that Steuart obtained a product resembling crude shale oil upon 
subjecting a mixture of lycopodium spores and clay to destructive dis¬ 
tillation. 

* "Shale Oil*, and Tars and Their Product*,” by Dr. W. Scheithauer. Jx>ndon, 1013 

* Annual Report Col Mun Lab N Z, IS, 50, 16 , 56; 19 , 10; 81, 10. Petrie, J Sor Chem., 
/ad., 14 , 096; Dunlop, Rept Dept Mines, N. Z, C 3, 52. 1900, "The Kerosene OU-shales of 
New South Walee," J. E. Carnc, 1903; Bull. Queen Gov. Mm D , December 15, 1915. 
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CHAPTER XIII 

GENERAL METHODS OF PRODUCING TARS 

Tau.s rniislitulc tlic volatile oily dccoiiipoMiuin product!) olittiini'd in 
the pyrogenous treatment of I>ittiniinmis ami other organic substances, 
and represent distillates of dark color, lii|tnd consistency; having a char¬ 
acteristic odor; comparatively volatile; of variable composition, some¬ 
times associated with carlionaceous matter, the non-carlionaceons con¬ 
stituents liemg largely soluble m carbon disulphide; and whose distillate 
fractioned between 300 and 350° ('. yields comparatively little stilphona- 
tion residue. The pyrogenous treatment embraces three processes, viz.- 

(1) Subjecting to heat alone without access of air, often termed 
“ destructive distillation.” 

(2) Partial combustion, which may take place either in an atmosphere 
of air and steam (in gas producers) or with a limited access of air. 

(3) Cracking oil vapors at high temtieratures. 

Practically all organic substances which undergo decomposition 
upon lieing subjected to heat produce tars, provided they yield a sub¬ 
stantial proportion of volatile decomposition products, the temperature 
is sufficiently high to bring about the decomposition, and air is entirely or 
partially excluded during the pyrogenous treatment. If the organic 
substance does not contain volatile matter, as proves the ease with 
anthracite coal or graphite, no tar will result. If air is present in too 
large a quantity, the products of decoiiqiosition will undergo compute 
combustion, and the tar will be consumed. Materials which evaporate 
(i.e. distil undecomposed) or sublime will remain unchanged in com¬ 
position, and products that explode are converted into permanent gases, 
without the formation of tars. 
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At the present time tars are produced commercially from the following 
products: 

(1) Bituminous sulwtances including peat, lignite, bituminous coal, 
petroleum and pyrobituminous shales. 

(2) From certain other organic substances including wood, and 
bones. 

In the early days of the industry, tars were also produced during the 
destructive distillation of grahamitc and albertitc (sec page 221). 

The following table will give a synoptical outline of the raw materials 
used, the modes of treatment, and the kinds of tar produced: 


taiii.u xv 



Heat Alone 
(" Destructive 
Distillation"). 

J Part i:t) Combustion 


Raw Mate-rials Used. 

Air and Steam 
(" Producers") 

Limited Access 
of Air. 

"Cracking” 
of Oil Vapors 

Bituminous nuketancei: 

Petroleum products. ... 

Peat . 

Lignite . . . 

Pyrobituminous shales 

Bituminous coals 

Other Organic Material*: 

Wood 

Bones . . 

Peat tar 

Lignite tar.. . 
Shale tar 
(Ins-works coal 

tar 

Coke-oven coal 
tar 

Wood tnr 

Bone tnr 

Peat tar 

Lignite tur 
Shale tar 

| Producer-gas 
| coal tur 

Blast-furnace 
coal tnr 

< iil-gas tur 
Water-gun t r 


Petroleum products (e.g., “ gas oils ”) upon lining subjected to a high 
temperature under more or less pressure in a closed retort will result in 
the formation of oil-gas tar; and when sprayed on incandescent anthracite 
coal or coke result in the production of water-gas tar (page 2. r >(>). Peat, 
lignite and pyrobituminous shales result in the formation of peat-, lignite- 
and shale tors respectively, (1) when subjected to destructive distillation, 
or (2) upon undergoing partial combustion in an atmosphere of air and 
steam in a so-called "gas producer.” Tars resulting from these two 
processes are similar in composition and hence arc designated by the same 
name. Destructive distillation yields a larger percentage of tar than 
partial combustion in an atmosphere of air and steam. 

Bituminous coals form different kinds of tor depending upon the 
nature of the process. Thus gas-works coal tor and coke-oven coal tai 
are produced by the destructive distillation of bituminous coal in gas- 






cb:neral methods of producing tars 


167 


works retorts and coke-ovens respectively. Producer-gas coal tar is 
derived from the partial combustion of bituminous coal in an atmosphere 
of air and steam in a gas producer. Blast-.urnace coal tar results from 
the partial combustion of bituminous coal in a limited access of air in a 
so-called “ blast furnace.” 

Destructive distillation of wood results in the formation of wood tar, 
and of bones in the production of tone tar. 

In the order of their commercial importance, based on the quantities 
produced annually, tars may to grouped as follows, vis.: coke-oven 
coal-tar is produced in the largest quantity, gas-works coal tar comes 
next, water-gas tar, oil-gas tar and wood tar following in sequence. 
Insignificant quantities of producer-gas coal tar, bone tar, blast furnace 
coal tar, peat, lignite and shale tars are produced in the United States. 
Considerable shale-tar is produced in Scotland, also smaller quantities 
of blast-furnace coal tar. Lignite tar is produced in comparatively 
large quantities in Germany. The production of jieat and tone tar 
has not assumed great importance anywhere. 

We will now consider the various processes for producing tars in 
greater detail. 


DESTRUCTIVE DISTILLATION 

This process is used for destructively distilling injiwtble organic 
substances including non-asphaltie pvrohitunions, pvrohitominous shales, 
wood and bones. It consists in heating the substance to a high 
temperature in a still from which air is excluded, and the distillation 
is continued until the volatile constituents are driven off the residue 
cartonizes. The volatile constituents are grouped into two classes, 
viz.: non-condensable and condensable product.., (he former including 
the permanent gases, and the latter the aqueous liquor and tar. 

The nature of the ingredients formed duting the distillation depet ds 
largely upon the nature of raw material used and the temperature at 
which it undergoes decomposition. As a rule, the older the substance 
from a geological stand-point, the higher the temperature at which it 
decomposes. At low temperatures, we find aliphatic (straight chain) 
hydrocarbons in the tar, also varying amounts of phenolic tiodieg, of 
toluene and naphthalene, but no benzene or anthracene. This is true 
in the case of peat, lignite, cannel coal and pyrobituminous shales. Where 
the destructive distillation takes place at a high temperature, aromatic 
hydrocarbons will predominate, including benzene and anthracene. 
This is true with bituminous coals. The aqueous liquor will show an 
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acid reaction in the case of wood and peat, and an alkaline reaction with 
lignite, coals and pyrobituminous shales. 

In general, the yield of tar depends upon five factors, viz.: the com¬ 
position of the substance, the temperature, the time of heating, the 
pressure, and upon the efficiency of the condensing system. These will 
be considered in greater detail. 

The Composition of the Substance, (a) The Percentage of Volatile Constitu¬ 
ents. The greater the jiercentage of volatile constituents, and conversely the smaller 
the percentage of “fixed carbon,” the larger the yield of tar. Figured on the basis 
of the dry weight of the non-mineral constituents, the yield of volatile matter 
will range as follows, commencing with the highest: wood, peat lignite, bituminous 
coal. The yields of tar follow in the same sequence, viz.: 

Wood. . 10 -20% 

Peat. 

Lignite. ..5-10% 

Bituminous coal. 3-7% 

(6) The Percentage of Oxygen in the Fuel. As a general rule, the greater the 
percentage of oxygen in the fuel, the greater the yield of tar. (Icorge Lunge 1 
cites the following figures to show the relation lietween the percentages of oxygen, 
tar, and water, based on the dry weight of fuel. 


Fuel ContiunH 

^ n-l.l Tnr, 

Yield Water. 

Per Cent 

Per Cent 

Per Cent 

Oxygen 5 O’ 

3 0 

4 58 

Oxygen 0| 7J . 

4 4>5 

5 Sti 

Oxygen 7J 9, 

5 OS 

t> SO 

Oxygen Oil 

5 48 

8 4.0 

Oxygen 11 13 

5 59 

7 SO 


The Temperature, (a) The Temperature at which the Fuel Decompose*. As 
stated previously, each type of fuel has a definite temperature at. which distilla¬ 
tion commences. The older the fuel from a geological standpoint, the higher this 
temperature, and hence the greater yield of coke, and the smaller that of tar. 
It would appear that a preliminary decomposition approaching a state of fusion 
occurs at this temperature which remains fairly constant until the carbonization 
is complete. The coke-forming property of bituminous coals depends upon the 
presence of constituents melting at a lower temperature than that at which car¬ 
bonization becomes appreciable. 

The kindling temperatures of the various fuels are: 


Dried wood. 

Dried peat. 

Dried lignite. 

Bituminous coal. 

Anthracite coal. 

Coke. 


400° F 
450® F. 
500° F 
000° F 
750® F 
1000° F. 


•“Coal Tar and Ammonia,” 5th Edition. New York. 1916. 
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(M The Tern;venture at which the Distillation it Performed. This is distinct 
from the preceding, mid is determined by the quantity and intensity of the heat 
applied externally to the retort m which the destructive distillation take* place. 
It dejiends u|x>n the nature of the heating medium, and the manner in which it 
is applied. The tenqieniture may lie close to that at which the fuel undergoes 
distillation, or it may be vastly in excess thereof. The higher the temperature 
above that necessary to cause incipient decomposition, the smaller the yield of 
tar, and the larger that of gas. This is strikingly illustrated by the following 
figures relating to the same coal distilled under different conditions: 

Low-temperature carbonization Yield (»'r ton: Hi gals, tar and 9000 eu. ft gas. 

High-temisrature carbonization' Whl per tun. 9 gals tar and 11,000 ell ft. gas. 

With a Derbyshire shale and a Notts cannel coal, the following yields of tar 
were obtained: 


1>«t1»\ -hire Shale, i S'oIIk (’Muihl ('«»], 

r«r(Vnt j JVrOut. 


!.<•» letup* rutur<* c urlx'iuzaf ion | 7 II 

Normal temperature <* Id 

lli«li temperature <rtrl><>tu/a 1 w>fi 5 9 

A Derbyshire coni which contained. carbon, 7571 per rent; hydrogen, (127 
prr rent; sulphur, 1 72 per rent, nitrogen, 1 72 |>er rent; oxygen, 11.50 jwr rent; 
and ash, 2 09 jht rent, yielded the following jht 100 kilograms: 

Carbonized at S00° (’ . Tar, 0 W litres (*|iecific gravity 1.00, containing 15 jht 
rent of free rarUin) and roke, til.75 kilograms. 

Carbonized at 1100° C Tar, 5d7 litres (-is'eilic gravity 1,207, containing 130 
per cent of free carton) and coke* til 10 kilograms. 

It will Ik* observed that a high tcm|H*rature resulted in the formation of a 
larger [>errentage of free carton in the tar, due to greater deronijHwition (“cracking”) 
of the distillate 

A certain bituminous coal, when carbonized at a low temperature (400-600° C.) 
produced unsaturated hydrocarbon*, higher paraffines and oxygenated compound*. 
Between 000 and 800° C. methane and hxdrogcn were evolved, and at tcmjier- 
atures atove 800° C. the main product was hydrogen. In a lul>orutory test, it 
was found that on passing mixture of hydrogen and methane in equal volume* 
through heated coke at a temperature of 800° C., 2 per cent of the methane waa 
decornjfoscd into hydrogen, and at 1100' C., 05 per cent was decompose<l. 

Aromatic hvdrocarl>on*, upon toing subjected to a gradually increasing tem¬ 
perature (050 -800° C), are transformed as follows: 

Higher Benzene Homologues —♦ Lower Benzene Homologues—'Diphenyl— ►Naphthalene 
—♦Anthracene. 

At temperatures alcove 800° the anthracene is decomjKjscd into carton and 
gas. 1 

i /. Ind Eng Chnn , 7. 1019, 1915. S. 105, I91«, “The P>r»>*cDc*iif» of Hydrocarbon*," by 
A. E. Dumtan and F 0 Thole, J Ind. Eng. t hrm , f, 888, 1917, 
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The Time of Heating, (a) TkUknm of the Fuel Layer. The deeper the layer 
of fuel in the retort or furnace, the greater the superheating, and consequently 
the smaller the yield of tar and the larger that of gas. When the layer is 
deep, the volatile portions are compelled to pass through a mass of incandescent 
fuel, so that the temperature of the gases is increased, due to the greater time of 
contact. This is the underlying principle in the manufacture of generator 
gas. 

It follows also that the greater the area of contact tatween the fuel and the 
heating surface, the shorter time it will take to raise the temperature of the former 
the requisite degree. Small charges of fncl may thus l>e heated more rapidly, which 
is conducive to the formation of a greater proportion of gas and tar and a smaller 
yield of coke. Slow heating, on the other hand, results in the production of a 
large proportion of coke, and smaller proportions of gas and tir respectively. It 
is for this reason that comparatively small and narrow retorts are used for the 

manufacture of illuminating gas, and very much larger chain! K>rs, where coal is 

treated to obtain coke. 

According to Rarnsburg and Siierr, 1 the coking action progresses from the walls 
to the centre of the oven. The actual thickness of the coking zone is not much 
over 1 in., but the drop in tenqierature across it is very great. It is esti¬ 
mated that in an oven IS in. wide, with a wall temperature of 1000° C„, the 

average rate of advance is J in. per hour. As this action progresses from all sides 
of the retort, it follows that the smaller its diameter, the shorter the time required to 
complete the process. 

( h ) Size of the Fuel. The size of the lumps of fuel lms an important Injuring 
on the time of heating. If the luni|>s arc too fine, they will pack together to such 
an extent that insufficient space is left lictwcen them for the transfer of heat by 
the gaseous products. On the other hand, if the lumps arc too large, it will take 
an abnormally long time for the carbonization process to reach the centre of each 
lump, since the heat conduction of the fuel itself is f)Oor. The projier size of the 
lumps is a question upon which almost every gas engineer has his own particular 
views. 

(c) Construction of the Retort or Furnace. The thickness of the walls, the method 
of heating, the size as well as the nature of the material of which the retort is 
constructed, all tend to influence the time of heating. Small units, the use of 
preheated gases for supporting the combustion, thin retort walls constructed of 
materials which have a relatively high conductivity at elevated temperatures, serve 
to decrease the time of heating. Fire clay was formerly used for constructing the 
retort. Recently, however, silica hits l>een adopted for the purpose on account of 
its superior strength and heat-conductivity at high temperatures. 

For manufacturing illuminating gas either horizontal, inclined, or vertical retorts 
have been used. In .horizontal retorts, since it is impractical to till the retort 
completely with fuel, considerable overheating of the volatile constituents will take 
place, due to their greater contact with the highly heated upi>er surface of the 

retort between the top of the fuel and the top part of the retort. In the in¬ 
clined and vertical varieties, this space is decreased and consequently there is 

leas opportunity for overheating the products evolved during the distillation 
process. 


»/. Franklin Inti., IN, 319, 1917. 
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The following figures show the influence of the retort's inclination on tho yield: 



Vertical lb tort, 

Per Cent 

Inclined Retort, 1 
Per Cent 

Homontal Retort, 
Per Cent. 

\ lrlil of tar 

0 

M 

4 

Fm* carbon in the tar 

5 

10 

30 

Pitch obtained from the tnr 

50 

55 

05 


Upon the Pressure. The greater the pressure, the longer the volatile prtxl- 
urts are force*! to remain in contact with the hot retort and incandescent fuel, 
and the greater, therefore, the car!ionization. The use of reduced pressure hastens 
the removal of the volatile constituents and serves to increase the outputs of gas 
and tar, and to rod lire the yield of coke. At the same time the period of dis¬ 
tillation is increase*! In manufacturing illuminating or fuel gas, modern practice 
consists in carrying out the ded illation under a moderate vacuum. On the other 
hand, when the main object is to produce coke, the pressure of the gas inside 
the retort is purjMV'cly allowed to increase somewhat 

Upon the Efficiency of the Condensing System. As the vn{x>rs leave the 
retort, oven, blast-furnace, or producer at ZiOO to KtH)° (’, all the constituents 
exist in the gaseous state, excepting the “free earlxm” derived from the decom¬ 
position of the gases in contact with the highly heated walls, also particles of mineral 
matter carried over mochanicallv. The va|>ors are <*om|xe*cd of a mixture of sub¬ 
stances, some congealing to solid**, others condensing to liquids, and still others 
remaining as permanent gases at atmosphere 1 temperature anil pressure. As the 
vapors cool, the solids and liquids separate out, forming the tar. This separation 
is generally progressive, the higher lxuling-|Mmit constituents condensing first, fol¬ 
low'd! by substances of lower Ixuling-pomt**, and finally liquids boiling slightly 
al>ovc atmospheric temperature. With this in view, the vajxirs may either be 
cooldl slowly and the several fractions recovered separately hv the held system 
(see p. 219), or they may lx* cooled rapidly, so that all condensible constituents 
are caught together in the form of “tar,” to he re* list died later into its com| >onen tn. 
It. is a singular fact, that even when the vajxirs have lx*en thoroughly cooled, the 
tar will not separate out completely, without further treatment. Fart remains su»~ 
pended in the gases as infimtomally fine globules, known as a “tar fog." This 
term is most expressive, since its Ixdiavinr is very similar to that of an ordinary 
fog, alluding to the weather Men* cooling will not condense a "tar fog," accord¬ 
ingly other means must l>e employed, as will lx* des<rdx*d later (p ISO) 

It is evident that the yield of tar de|x*nds largely u|xm the efficiency of the 
condensing system used in its recovery, of which the more important types will 
lx* considered in this chapter. 
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PARTIAL COMBUSTION WITH AIR AND STEAM 

This takes place in manufacturing producer gas. Several forms of 
producers are in use, and peat (page 201), lignite (page 209), pyrobitu- 
minous shale (page 210) or bituminous coal (puge 239) are variously 
employed as fuel. The reaction which ensues may be expressed as fol¬ 
lows, in which- “ C " represents the carbonaceous matter present in the 
form of fuel: 

2C+0+H 2 0=2C0+H 2 

The resulting gas, known as “ producer gas,” is composed of carbon 
monoxide with a smaller proportion of hydrogen. When anthracite 
coal or coke is used as fuel, no tar results; with bituminous coal, tar is 
formed in certain types of producers but not in other:' (see page 240); 
and with peat or lignite, tar is produced in all types (see page 100), on 
account of the readiness with which they volatilize at low temperatures, 
and the comparatively large proportion of volatile constituents present. 
These tars correspond very closely in physical and chemical properties 
to the ones obtained from the eorres]>onding processes of destructive 
distillation, but with the former the yield is smaller since most of the tarry 
matter is consumed. The following approximate percentages of tar are 
obtained in ordinary producers designed to produce the maximum yield 
of gas, viz.: 

nry post. . 1-3% 

Dry lignite (pure). ... i 1 ^ 

Bituminous coal. ... .. 3 -5 <y 

Lignite carrying a moderate pto|iortion of mineral matter (e.g. Messel 
lignite, p. 209) is treated in a special form of producer to obtain a small 
amount of gas and the largest possible yield of tar (4 to 14 per cmt). 
This is brought about by introducing a limited and carefully regulated 
quantity of air and steam, sufficient only to support partial combustion. 
The same method is always followed in treating pyrobituminous shales, 
on account of the greater intrinsic value of the tar, of which 5 to 25 per 
cent is recovered. These processes approach destructive distillation 
very closely, the object being first to bring about incipient combustion 
of the lignite or shale and the non-eondcnsablc gases derived therefrom, 
thereby raising the temperature sufficiently to cause destructive distillation 
to ensue. It will thus lieeome apparent that the yield of tar depends 
largely upon the quantities of steam and air introduced. 

When peat, bituminous coal or lignite containing a large proportion 
of mineral matter is treated in a producer, it is always intended to produce 
the largest possible yield of gas, and the smallest proportion of tar. 
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PARTIAL COMBUSTION WITH A LIMITED ACCESS OP AIR 

This process takes place in manufacturing generator gas, also upon 
smelting ores in blast-furnaces. No tar is produced in manufacturing 
generator gas, hence this process ceases to lie of interest from the bitu- 
minologist's stand|>oint. In tlie case of blast-furnaces, no tar results 
when anthracite coal or coke is used as fuel, but when bituminous coal 
is used, as is sometimes the practice in England and on the Continent 
(see page 23X), 2 to 3} |>er cent of its weight of tar is produced. The air 
is forced into the blast-furnace from Mow, and travels upward through 
a comparatively thick layer of incandescent fuel. The oxygen on coming 
into contact with the fuel is first converted into carlion dioxide, which on 
rising through the incandescent layer combines with more carlion, forming 
carbon monoxide. The heat generated volatilizes a certain amount of 
the bituminous coal in the upper layers from which the tarry matters 
escape unconsumed. 

CRACKING OK OIL VAPORS 

In manufacturing oil-gas, crude jietroleum or a heavy distillate 

known as “ gas-oil " is sprayed under more or less pressure into a 
dosed retort heated lo redness. This causes the oil to dccom|x>so 
into a permanent gas and from 5 to 10 per cent by weight of oil-gas 
tar (see page 200). The reaction, known as "cracking,” results in 
the breaking down of the hydrocarlxms present in the petroleum or 
gas oil into simpler substances. 

Water-gas is produced by the combustion of anthracite coal or coke 
in an atmosphere of steam (page 230) according to the following 

reaction: 

C+II 2 0 = C()+H 2 . 

The gas consists theoretically of equal volumes of carbon monoxide 
and hydrogen. It burns with a non-luniinoux (lame, and when intended 
for illuminating purposes must be enriched or “ carburettod.” The 
highly heated water-gas as it is generated, is accordingly mixed with a 
spray of crude petroleum or gas oil, then passed into a carburettor in 
which the oil becomes vaporized, and finally through a superheater main¬ 
tained at a temperature sufficiently high to crack the oil vapors into 
permanent gases. From 2 to 10 pci cent of tar is produced, based on 

the weight of the petroleum or gas-oil used. This tar is known as water- 

gas tar and is similar in its physical and chemical properties to oil¬ 
gas-tar (see page 262). 
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METHODS OF SEPARATING TARS 


The vapors resulting from the foregoing pyrogenic processes are 
treated to remove the tar and aqueous liquor by one or more of the follow¬ 
ing devices: 


(1) Condensers. 

(2) Static Scrubbers. 

(3) Mechanical Scrubbers.. . 

(4) Deflectors. 

(5) Filters. 

(6) Electrical Precipitators... 


Mere cooling 
In contact with liquids 

In contact with solids 

In contact with an electrical discharge 


Each type will now be described separately: 

(1) Condensers. The function of a condenser is to cool the hot 
vapors by circulation in a closed system of pipes surrounded by air or 
water. The following represent the most important types: 

Hydraulic Main. This consists of a vertical metal pipe of liberal cross-section, 
cooled by the surrounding air. It is used in the manufacture of coal gas, oil 
gas and coke (see pp. 230, 200). The vaj>ors as 
they leave the retort, arc passed upward through 
the hydraulic main illustrated in Fig. 58, the top 
of which bends downward and dips into a closed 
trough partly tilled with water, which acts as a 
so il and washes the vapors as they bubble through. 
'Phis enables any retort being rec harged or repaired, 
and at the same time prevents the vapors gener¬ 
ated by the other retorts from escaping into the 
atmosphere Most of the ammonia is dissolved 
in the water contained in the trough, and a large 
proportion of the tar condenses out. 

Air-condensers. These arc illustrated in Fig. 
50 The gases are circulated through vertical 
pipes alternately connected at the too, and lead¬ 
ing into a closed chamber below separated 
by partitions through which water is slowly 

Fig. 58. —Hydraulic Main. allowed to circulate, which catches the tar and 

ammonia. 

Water-condensers. In these the vapors are passed through a series of pipes 
around which water is allowed to circulate, as illustrated in Fig. 60. The cooling 
water from one compartment is passed through the next, in such a manner that 
the vapors and water travel in opposite directions. The ummoniacal liquor and 
the tar separate out at the Iwttom. In manufacturing coal gas, the vapors after 
they leave the hydraulic main, are passed through a device of this description, 
which serves to cool them to atmospheric temperature, and results in a more 
complete separation of tar, than is possible in the former. 
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(2) Static Scrubbers. Static scrubbers are stationary contrivance* 
thiough which water is caused to circulate. They are classified into: 
rain, hurdle and baffle scrubbers. 

Rmn Scrubbers Consist of closed chamlwrs into which the gas is introduced 
at the l>otto»n and washed with jets of water impinging against screen* which serve 
to break them into a fine spray, illustrated in Fig. 01. This represent* the simplest 
form of 'Static scrubber and has l>eon sujwrscded l»y more efficient types, due to 
the very short time of contact )>etweon the vapors and the water. They are 
excessively large and expensive to ojwrote, and there are apt to la* "dead corners" 
as the gases rush through. 

Hurdle Scrubbers. These are built in the form of a tower whose height is 
usually four tunes its diameter, and separated into compartments by |K*rforoted 




shelves carrying coke (Fig 02), or in the case of the Zschocke scrubber, wooden 
slats stacked in alternate directions forming a checker work (Fig. 63). The func¬ 
tion of the coke or wooden slats is to break up the jets of water introduced at 
the top and secure intimate contact with the vapors which pass in at the bottom 
and out at the top of the scrubber. The coke scrubber is open to the objection 
that the interstices of the coke become dogged with tar, and thus soon lose* it* 
efficiency. 

Baffle Scrubbers. These ore constructed so the water is caused to flow from 
baffle to baffle in a zigzag direction, whereas the vapors pass upwards, as shown 
in Fig. 64. This brings the vajmrs into contact with a large surface of moving 
water, and at the same time prevents the formation of dead pockets as is the 
case with some of the foregoing types. 




Fro. 63.— Hurdle Scrubber Filled with 
Wooden Slats. 
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(3) Mechanical Scrubbers. In this type part of the mechanism 
is caused to revolve, and thus thoroughly comingle the water with the 
vapors. They include the following: 

Feld Centrifugal Scrubber. The “Feld Centrifugal Serublwr” as illustrated in 
i'lR- 65, is composed of n numlier of superimposed chandlers, each provided with a 
plurality of gas ports (a), and a series of inverted hollow, frustums of (‘ones (b) 
mounted on a central vertical shaft, the outer cone having its top covered. The 
washing liquor enters at the top and overflows from chandler to chandler, part 
l>cing drawn off from each chandler. The lower edges of the cones dip into the 
liquid, and liemg revolved at a high sjiced, carry it up along the inner surfaces, 
to lie hurled off tangentially in a fine spray through )ierfora t urns near the top 
of the outer cone A |ierforuted plate (c) mounted on the shaft in the dome, 
serves to separate any liquid entrained with the vujiora leaving the washer. This 



type is very efficient and economyul, and forms the basis of the Feld system for 
fractioning coal tar (See p 2111.) 

Heading Centrifugal Scrubber. The Reading centrifugal scrublier, illustrated in 
Fig. 0f>, consists of two connecting compartments (A and Ji ) separated by a disc 
(C). Kach compartment carries a set of rapidly revolving blades mounted on a 
horizontal shaft. Water is introduced through the casing at the Ixittom and churned 
into a spray. The vapors are thrown against the casing wall by centrifugal force, 
and any particles of tar or dust retained by the liquid After the vapors are 
treated in chamber (A) they flow through an opening near the centre of the disc 
into chamlier (B), where they are treated in a similar manner, whereupon the 
cleansed vapors are drawn off through an aperture surrounding the shaft. 

Thienen Centrifugal Scrubber. This consists of a rapidly revolving cylindrical 
drum, carrying on its periphery an oblique spiral vane, almost touching the sur- 
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rounding caning lined with wire netting, which serves to retain water in its meshes 
by capillarity. This washer is illustrated in Fig. 07. The vapors enter, at (a) 
and are drawn through the spiral channel (6) where they commingle with water 
sprayed through the tangential openings (e). The vapors pas- jut through the 
pipe (d), and the cleaning liquid at (e). The vapors are rapidly and thoroughly 
washed with comparatively little expenditure of power. 

Schwarz-Bayer Disintegrator. This is composed of a scries of blades or vanes 
fastened concentrically to a cylindrical frame-work and revolving alternately in 
opposite directions (Fig. 68). The Wiiahing water, entering at (A), is broken up 
into a fine mist by the rapidly revolving vanes, and finally passes out at (B). 
The vapors are introduced at the circumference ((.'), being drawn off at the centre 
of the casing through (DO). 

(4) Deflectors. No water is employed in this type of apparatus, 
which is generally used to supplement the scrubbers, and remove the 




Flu. 67.—Thiescu Centrifugal Scrubber. 


last traces of tar from the vapors. They operate on the principle that when 
a rapidly moving stream of vapor impinges against an obstruction, which 
changes the direction of flow, the suspended tar is caused to condense. - 

P. it- A. Tar Extractor This constitutes one of the liest known deflectors. It 
is popularly called the ‘T. & A. Type,” after the inventors, Messrs. Pelouze 
and Audouin, and is illustrated in Fig. 69. The vapors are mused to flow through 
narrow apertures in a scries of perforated metal cylinders mounted concentrically 
so that the apertures in one cylinder frill opposite the solid |>ortions of the adja¬ 
cent cylinders. The vapors are thus caused to assume a zig-zag travel, and their 
direction changed many times. This causes the tar to precipitate out, and collect 
at the bottom of the extractor, where it is drawn off. By the chain and weights, 
the cylinders rise or fall in the liquid, exposing a greater or lesser surface as the 
volume of vapors increases or decreases. 

Centrifugal Deflector. This is illustrated in Fig. 70, and consists of two com¬ 
partments (1) and (2), connected by the orifice (3). The vapors enter at (4) 

and their velocity forces them tangentially against the inner surface of compart¬ 
ment (1), imparting a whirling motion to the current. When the vapors enter 
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compartment (2) they are caused to whirl in the opposite direction and leave 
at (5). The rapid change in motion coupled with centrifugal force causes the tar 
to separate and Sow into the sumps (7) and (S). 

(5) Filters. Smith Tar Extractor. This represents the most successful 
type of filter, and is illustrated in Fig. 71. The pump (IS) forces the vapors 
through a porous diaphragm (E), aliout } in. thick composed of spun 
glass-wool, supported between two metal screens. No tar is retained in 
the diaphragm, but in passing through, the fog coalesces into larger 

globules which on account of their 
greater size and weight can no longer be 
carried forward by the gas current, and 
accordingly settle out into a sump ((/'), 
whence it is drawn off from time to 
time. This extractor operates to best 
advantage on tars containing little to 
no free carbon. The temperature should 
bo sufficient to maintain the tar in a 
liquid condition, and the pressure main¬ 
tained at 2^ to 4 lbs. Since no water 
is employed, the separated tar contains 
less than 1 per cent, which is a decided 
advantage, and in addition practically 
every vestige of tar is removed from 
the vapors. 

Hoppers for Dischorge (ti) Electrical Precipitators. Cottrell 

Fro. 72. —Cottrell Electrical This col,sists in suh i ertin 8 thc 

Precipitator. vapors to a “ silent ” or “ glow ” uni¬ 

directional electrical discharge of from 
15,000 to 50,000 volts, in the type of apparatus illustrated in Fig. 72. 
This method has also been described by Steers and others. 1 The elec¬ 
trical current effectively breaks up tar fogs, but up to the present time 
the method has only been used in a limited way. 

METHODS OF DEHYD11AT1NO TARS 

The tar separated from most of thc foregoing processes carries more 
or less water, derived from the liquor normally associated with the tar 
vapors, as well as any water introduced in thc condensers, static and 
mechanical scrubbers, for cooling or cleansing purposes. When a large 

'J. Six. Chem. /mi., JJ, 1149, 1014. 
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amount of extraneous water is mixed with the tar, most of it is first allowed 
to settle out by gravity deseribed in methods (1) and (2) Mow. 

The following devices are used for dehydrating tars: 

(1) Settling Tanks. The oldest method consists in storing the tar 
in large metal or masonry tanks for the double purpose of keeping a 
sufficient supply of tar on hand to enable the works to operate continu¬ 
ously, and also to allow as much as |>ossible of the entrained aqueous 
liquor to separate out. The liquor Mng of a lower density than the tar, 
rises to the surface, whence it is drawn off through a series of small outlet 
cocks on the side. If the tar is sufficiently fluid, a prolonged standing 
will allow' much of the aqueous liquid to separate at ordinary temperatures. 
On the other hand if the tar is viscous, the process can be facilitated 
by maintaining the tar at a moderate tenqierature by means of steam 
coils at the bottom of the tank. The latter are of special importance 
in winter time, when the tar is very apt to decrease in fluidity. (Ins- 
works tars treated in this manner still carry lietween 4 and 10 per cent, 
of water, coke-oven tars between 3 and 0 jxt cent and water-gas tars 
up to 40 per cent. 

(2) Baffle-plate Separator. This apparatus is used for the continuous 

separation of tar from the large quantity of washing water introduced 
in the condensers, static and 
mechanical scrubbers [methods 
(2) and (3). (pp. 17a, 77).| The 
separator is illustrated diagram- 
matically in Fig. 73. The Imllle 
plates (.4) run from the top down 
to within a foot of the bottom 
and alternating with these are 
dams (Ii) extending from within 
4 in. of the laittom to within 4 
in. of the water line. The path Fio. 73 — Baffle-Plate Tar Separator. 

of the water and tar is under 

the baffle plates and over the dams, thus giving the latter an opportunity 
to settle out, and incidentally form a seal for the dams. The speed of flow 
is regulated so that the effluent is practically clear water, the tar Mng 
drawn off automatically through a syphon when it reaches the proper level. 

(3) Heating Quietly under Pressure. Refractory tare can very 
often be dehydrated by heating under pressure in a closed boiler. As 
the temperature rises, the fluidity of the tar increases, enabling it to 
settle out more or less readily. The process is intermittent, and is not 
universally applicable. 
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(4) Wilton Process. This is a continuous process in which the tar 
is heated to 170 to 180° C. at a pressure of about 30 lbs. per square inch. 
The temperature of the tar is regulated by the speed with which it is 
pumped through a coil in a furnace heated by coke. It is then released 
into a vapor-chamber at atmospheric pressure, whereupon the water 
and the light oils speedily evaporate, since they are maintained at a 
temperature considerably higher than their boiling-points. This is 
accompanied by copious frothing in consequence of the fact that each 
volume of water at its boiling-point (100° C.) becomes converted into 
1640 volumes of steam. The resulting vapors are condensed to recover 
the light oils. The dehydrated tar is passed through an economizer 
which utilizes the heat in preheating the crude tar. 1 

(5) Heating a Thin Stream under Vacuum. This is also a con¬ 
tinuous process and one of the most successful ones for dehydrating tare. 
The crude tar is allowed to flow to a thin stream over steam coils or heated 
baffle-plates in a closed vessel maintained under a moderate vacuum. 
The tar is allowed to run into the vessel, and then removed by a pump 
which at the same time maintains the vacuum. The vapors are con¬ 
densed to recover the light oil. An apparatus of this kind will treat about 
50,000 gallons of tar in 24 hours reducing the water to less than 0.5 per 
cent.* 

(6) Centrifugal Method. This method is also continuous, and has 
been used with more or less success abroad. The tar is first heated to a 

temperature of 40 to 50° C. and run 
into the rapidly revolving drum of a 
centrifugal separater, illustrated in 
Fig. 74. The tar being heavier than 
the water is forced to the periphery, 
the water forming a cylindrical layer 
inside. An annular diaphragm (A) 
attached to the upper port of the 
centrifugal has a ring of perforations 
where it comes in contact with the 
drum at (B). The crude tar is intro¬ 
duced through the pipe (C) below the 
diaphragm. The speed with which 
the drum revolves causes the tar to flow through the perforations into 
the upper portion of the centrifugal, where it is removed through the 

<0. H. Webb, Ski. Aram, 43. 109. 1912; J. Oat LioMiao, iM, 503, 1913; Oat World, 99 , 
SSS. 1913; E. V. Chuibora, Am. Oat Litht J„ 191, 389, 1918; A. E. Mottrun, Oat J., 1IT, 
984 , 1917. 

*R. P. Fury, 8th Intern. Con*. Applied Chem., 10, 242, 1912. 
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pipe ( D ). The water is drawn off through ( E) below the diaphragm, 
which bare its passage into the upper section. This method is 
particularly suited for treating tare having approximately the same 
specific gravity as water, as for example water-gas tar. The centrifugal 
is revolved at a speed between 2000 and 3000 revolutions per minute. 
Tare containing between 30 and 90 per cent of water will have the 
percentage reduced to less than 1 per cent in one treatment. A large 
portion of the free carbon contained in the tare is also removed, and 
affixes itself to the inner walls of the drum from which it must he scraped 
occasionally.' 

(7) Electrical Method. This method has only been worked out ex¬ 
perimentally, and consists in passing the tar between electrodes charged 
with a high potential current. This causes the particles of water to 
coalesce, so that they will separate out readily on subjecting the tar to a 
temperature of 80° (\ 2 

(8) Feld System of Fractional Cooling. This process also result* in 
the production of dehydrated products. The method will be described 
in detail on page 249. 

> Am. Cm Lvihl J . 10), 310. 1013 

111 S P«f« 1,1111.000. Nov 3. 10H. 1,142,750. 1,112,760. and 1,112,761 ol June S, 101), 
all to R K I.aird and J II Raney 
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WOOD TAR, WOOD-TAR PITCH AND ROSIN PITCH 

WOOD TAR AND WOOD-TAR PITCH 

This chapter will deal with the treatment of wood, either by destruc¬ 
tive distillation, or by a combination of steam and destructive distillation . 1 
The treatment of resinous woods by the steam distillation process alone, 
for the recovery of turpentine and other oils, does not fall within the 
scope of the present treatise. 

Varities of Wood Used. From the standpoint of destructive distilla¬ 
tion, woods may be divided into two classes, viz.: 

Hard Woods, including the maple, birch, beech, oak, poplar, elm, 
willow, aspen, alder, ash, hickory, chestnut and eucalyptus. 

llesinous or Soft Woods, including the pine, fir, cedar, cypress, spruce, 
hemlock, larch or tamarack. 

The trees from which hard woods are obtained are known as “ broad¬ 
leaved ” or “ deciduous trees,” and those producing resinous- or soft¬ 
woods arc termed “ coniferous trees ” or “ evergreens.” Soft woods 
arc distinguished from hard woods principally in that the former contain 
larger quantities of turpentine and resin. The distillation of hard wood 
aims at the recovery of wood alcohol, acetates, tar and charcoal, whereas 
the distillation of resinous wood (soft wood) is directed to the recovery of 
turpentine, wood oils, tar and charcoal. 

In the wood-distilling industry the basis of measurement is a cord, 
which is taken to equal 90 cu. ft. of the closely stacked wood containing 
15 per cent of moisture. The weight of a cord varies with different kinds 
of wood, from about 1700 lbs. in the case of white pine and poplar, to 
about 4000 lbs. in the case of oak. 

»"Chemical Methods of Utilising Wood," by F. P Veitch, Circular 36, U. 8 Dept. Agr, 
Bureau of Chem , Wash., D C, Aug 20, 1907; "Wood Used for Distillation in 1906," Forest 
Service Circular No. 121, U S Dept. Agr, Wash, D. C , Dee. 6, 1907; "Wood Distillation," 
by W. C Ceer, Forest Service Circular No. 14, U S. Dept. Agr, Wash, D C, Nov 5, 1901, 
"Wood Turpentine, Its Production, Refining, Properties and Uses,” Circular No 144, U S Dept 
Agr, Bureau of Chemistry, Wash, 1) C, 1912; "Yields from the Destructive Distillation of 
Certain Hardwoods," by llanley and Palmer, Bull No 129, U 8 Dept Agr, Wash , I) C, 
Sept. 10, 1914; "Yields from the Destructive Distillation of Certain Hardwoods,” by 11 C Palmer, 
Bull. No. 608, U. 8. Dept Agr , Wash , D. C, March 6, 1917; "The Distillation of Wood," by J 
C. Lawrence, J. Soc. Chrp ». Ind , ST., 37 , 1918, "The Influence of Moisture on the Yield of Products 
In the Destructive Distillation of Hardwood,” by R. C. Palmer and H. Cloukey, J. Ind. Chem , 10 , 
262, 1918. 
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For pur[x>ses of destructive distillation, the wood should 1 h> ns dry 
as possible, as during the process all the moist me must l>e evaporated 
before the wood decom|)Oses. The smaller the |>eroentnge of moisture 
contained in the wood, the more rapid the distillation process and the 
smaller the quantity of fuel required. It is advisable therefore, to cut 
and stack the green wood containing 20 to 50 per cent of moisture from 
0 months to 2 years, during which the moisture content will fall to between 
12 and 25 per cent. 

Yields of Distillation. The following figures will give a general idea 
of the average yields upon distilling a cord of the rcs|>cotive classes of 
wood. 



Hard \N ooda 

.‘oil (lb ninonal W 

TtirjM'fitinp 

0 

3 23 (ial* * 

\S ood oil* 

0 

30 73 (Sale 

Crude alcohol (containing acetone) 

H 12 (lain 

2 4 (lain 

Tar 

K 20 (ltd* 

at) t’>0 Cain 

Charcoal 

40 32 Hu 

23 40 Hu 

Acetate of lime 

1 30 331. I h* 

30 KM) l.ba 


* S»n-du*t >ii'ltl** 3 In 10 Kill* of turpcnlitic umi light wood 10 to 23 (tula jut rord 


Hard-Wood Distillation. The following figures show the yields of tar 
and charcoal from the various hard woods in [icrcentagc, based on the 
dry weight of the material . 1 


j 

Taf. 

< 'hnrconl. 


I’i r (\ ut 

I*er Cent 

Hickory 

1 < o 

37 7 

Maple 

12 S 

40 (l 

Birch 

12 0 

40 0 

Beech 

1) t 

41 9 

Oak 

7 H 

43 7 

Cheat nut 

» (1 

47 rt 


In the United States, the principal centres for hard wood distillation 
are in the States of Pennsylvania, New York and Michigan. Soft was si 
distillation is carried on largely in the States of Florida, Georgia, North 
and South Carolina and Alabama. 

The crude products of the distillation of hard wood may lie grouped 


into four classes, viz.: 

(1) Non-condcnwible gwe* . 2fV 30% 

(2) Aqueous distillate (mule pyroligneoua arid) , 30 30% 

(3) Turpentine, wood oil*, and wood tar 3 20% 

(4) Charcoal 20 43% 


»Scv also Table 5, p 7, Bull 50X, f 8 Dept Agriculture, Wash , 1) C, March 6, 1917. 
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When hard wood is heated in a retort, water passes off below 150° C. 
after which decomposition sets in. With soft (resinous) wood, tur¬ 
pentine and water commence to distil between 90 and 100° C. and con¬ 
tinue to 150° whereupon products of destructive distillation pass over. 
The distillation process is practically complete at 430° (\ In the case of 
hard wood, the first series of products which p:iss over (between 150 to 
280° C.) include acetic acid, methyl alcohol and wood creosote; the 
second series (280 to 350° O.) consist of non-condensable gases (about 
53 per cent of carbon dioxide, 38 per cent of carlxm monoxide, 6 per cent 

of methane, 3 per cent of nitrogen, 
etc.); the third scries (350 to 
400° C.) are composed of solid 
hydrocarbons and their deriva¬ 
tives. The yields of methyl alco¬ 
hol and acetic acid increase with a 
rise of temperature up to 300° C. 
beyond which they decrease, and 
moreover the recovery is greater 
when the wood is heated slowly, 
than when the distillation is forced 
In distilling hard woods large 
rectangular iron retorts are used, 
measuring 0 ft. in width, 7 ft. 
high and either 27 or 50 ft. long, depending upon whether they are 
intended to hold 2 or 4 carloads. The retorts are set in brick work, 
and provided with large air-tight iron doors at the ends. The wood is 
loaded on small iron cars holding between 1 and 3 cords each (Fig. 75) 
which are run on tracks directly into the retorts. 

The arrangement of a modern wood-distilling plant is shown in Fig. 
76; where .4 represents a car; li, the retort; C, firs! cooler; I), 
second cooler; K, the acetate drying floor; it, condensers; b, liquor 
trough; c, gas main to boilers; t, fuel conveyor; m, fire-place; «, ash 
pit; o, hinged spout to deliver fuel from / to m. After the retort 
is charged, the doors are closed and heat applied slowly, either by 
burning the non-condensable gases resulting from the distillation 
process, or by atomizing the tar underneath the retort with a jet of 
steam. Unless the gases are stored in a gas-holder, the process is 
is started by burning a small amount of wood on an auxiliary grate 
beneath the retort. 

The vapors from the retort is passed through condensers, where the 
pyroligneous acid, alcohol and other condensable constituents arc recov- 


Fio. 75.— Iron Cara Used in the Distillation 
of Hardwood. 
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oro<l. These are conveyed lo large settling tanks, and allowed to rest 
quietly until the tar settles out. 

1 he distillation process continues from 20 to HO hours whereupon 
the tires are extinguished and the retori allowed to cool. The small 




iron ears now carrying charcoal are quickly run from the retort into 
large iron coolers, similar in size and sha|>e to the retort itself, and the 
doors are closed to prevent access of air. 

The general arrangement of a refining plant is shown in Fig. 77, 
where A 1-2 represents the raw liquor vats, B 1-6 represent the raw 
liquor settling tanks, C 1 the tar still, r 2-3 the raw liquor still, D 1-2 
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the neutralizing vat, E 1-3 the lime-lee stills, F 1-3 the alcohol stills, G 
the weak alcohol storage tank and H the strong alcohol storage tank.. 
Table XVI shows a diagrammatic outline of the products obtained upon 
distilling hard wood, and refining its distillates. 


Haiid Wi 03 
Distilled Destructively 


Non condensable Cam’s 
(Burned under retort) 


Condensabl" Distillute 
.Separated by settluiK into 


Charcoal Reaidue 


Crude Aqueous portion 
Separated by distillation into 


Haw Tar 
Distilled into: 


Distillate, known as 
"Pyroligneous acid"* - 


Tarry Residue 


Neutralised with lime and distilled 


i i 

Distillate of Residue of 
$ \ retie Acid Boiled Tar 

--* Redistilled 


I 

Distillate composed of 
crude dilute wood 
alcohol containing 
acetone Rectified 
into 

I 


1 

Residue composed of crude 
acetate of lunc Converted 
by roasting into gray acetate 
of lime Then treated by 
one of the following met boils 


i 1 

Aeetono Wood alcohol 


<j) 

Distilled with 
Sulphuric acid 

i 


i l i 

Light oil Heavy oil Residue of 

Wood-tar pitch 


i 


Distillate of 
Acetone 


(?) 

Converted into 
Other acetates 

_ I __ 

t l l 

Residue of Other Acetone 

Calcium Aoetutes 
Sulphate 


(!) 


Distilled at a high 
temperature alone 


1 

Light 

Acctono 

Oils 


i i 

Heavy Residue of 
Acetone Calcium 


Oil* 


Carbonate 


After the pyroligneous acid and tar have been separated by settling, 
the crude products arc distilled independently to recover any pyroligne¬ 
ous acid from the crude tar, and conversely, any tar retained by the 
crude pyroligneous acid (dissolved in the alcohol and acetone present). 
The dehydrated tar, known as “ boiled tar ” or “ retort, tar,” amounting 
to between 3 and 10 per cent of the weight of the wood, may be utilized 
in one of the following ways: 

(1) It may be sold as such, and used for preserving wood. 

(2) It may be burned under the retorts as fuel. 

(3) It may be subjected to fractional distillation to recover the 
light oils boiling below 150° C., heavy oils boiling between 160 and 240° 
C., and the residual pitch constituting between 50 and 65 per cent by 
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weight of the tar. The light oils are used as solvents in manufacturing 
varnish, and the heavy oils after further relining are marketed as commer¬ 
cial wood creosote which finds a sphere of usefulness ns a disinfectant, 
preservative,-and flotation oil (p. 45.T). 

The combined liquors containing acetic acid, methyl alcohol, and acetone are 
neutralized with lime, and re-distilled in the "lime-lee still.” In thin manner, 
the alcohol, acetone and ketones pass over, whereas the acetic arid remains in 
the still combined with the lime (calcium acetate) and contaminated with a small 
pro|Hirtion of tarry matter The residue containing from 05 to 75 ixw cent of 
pure acetate of lime is known commercially us "brown acetate of lime." The 
distillate is fractioned in a column still to separate the pure wood aliohol and 
acetone from the water and other impurities present (ketones, etc ). 

Brown acetate of lime is first roasted at 250° (' to decompose any tarry matters 
It may then lie distilled with sulphuric acid to produce commercial acetic acid, 
which is recovered ns distillate; or it may Is- converted into aluminium, chromium, 
cop|ier, lead or sodium acetate; or it may otherwise lie distilled alone in an iron 
retort, whereupon acetone is first obtained, and followed at t00° C by the "ace¬ 
tone oils" (light acetone oil lioils lietween 75 and 150° (', and heavy acetone 
oil lietween Kill and 250° O ). 

Soft (Resinous) Wood Distillation. In treating soft wood (resinous 
wood) a different method is 
followed. Iron or steel retorts 
varying in capacity from one to 
four cords are used, constructed 
either vertically or horizontally, 
as shown in Mg. 78. I.on-pressure 
superheated steam, or saturated 
steam under high pressure is in¬ 
troduced into the retort to re¬ 
move the turpentine,and then the 
voiatde oils (known as " heavy K((J 7K _ 1)( .„ irlj< f()r Di , tillin(( Wood . 
oils”), leaving a residue of coke 

liehind. Three classes of resinous wood are used for the purpose: 

(1) "Light wood” containing comparatively large quantities of 
turpentine. 

(2) " Stumps ” which also contain more or less turpentine. 

(3) Saw-mill waste which is rather poor in turpentine. 

The wood is first " hogged,” or in other words cut into chips before 
it is introduced into the retort. The temperature is raised gradually 
to 200° O. as the steam passes through the retort. Water and crude 
turpentine distil over first and are separated by settling. As the temperv 
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ture rises above 200 to 220° C. the wood commences to decompose into 
tarry substances, and at about 250° C. the resins present break up into 
“ rosin spirits " and " rosin oils.” Both the crude turpentine and the 
heavy oils are redistilled separately, the former producing purified wood 
turpentine and the latter pine oil, rosin oil and pitch. Rosin spirits 
boils between 80 and 200° C., pine oil between 190 and 240° C., and 
roan oil between 225 and 400° C. 

In some cases the light wood is subjected to a process of destructive 
distillation without using steam. The temperature is raised slowly and 
the distillate under 200° C. caught separately to avoid contamination 
with tarry matters. After the temperature rises above 200° C., the 
process follows the same course as for hard-wood distillation. The 
distillate under 200° C. is fractioned into light and heavy oils respectively. 
The light oil i.; in turn redistilled to recover the rosin spirits, wood tur¬ 
pentine and a part of the pine oil. The heavy oil is similarly redistilled 
to separate the pine oil, rosin oil and a part of the pitch. The crude 
tar obtained above 200° C. is distilled to recover any acetic acid, and 
the residue cither marketed as “ pine tar ” or distilled to separate the light 
and heavy oils from the pine-tar pitch obtained as residue. This process 
is illustrated diagrammatically in Table XVII. 



Pine tar is also marketed under the name “ Stockholm tar,” and 
contains a certain proportion of rosin. 

Wood Tars. The bituminous products derived from the destructive 
distillation of wood are designated commercially as hard-wood tar, 
pine tar, hard-wood-tar pitch and pine-tar pitch. 

The physical and chemical characteristics of the tars and correspond¬ 
ing pitches vary, depending upon the kind of wood used, as well as the 
exact method of treatment, The following figures will give a general 
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idea of the characteristics of the dehydrated hard-wood tar and pine tar 
ordinarily encountered in the American market: 




Hard-uood Tar 

/'twe far (from 




Rttinou* U'oot/*) 

(Teat 1) 

Color in mass . , . 

Hlarl 

Brownish 

(Test 7) 

Specific grnuty at 77® F 

1 10 1 20 

1 05 1 10 

(Test 8) 

Viscosity 

Fairly liquid 

Viscous 

(Test 9) 

Consistency at 77° F. 

Liquid 

Liquid 

(Test 13) 

Odor on hcAting 

Characteristic 

Characteristic 

(Test 15) 

Fusing-point 

Below 20° F. 

Below 50* F. 

(Test 16) 

Volatile matter at 500° F, 4 hre 

. 35-60°} 

40 75% 

(Test 17a) 

Flash-poinl 

50-75® F 

00- 90° F. 

(Test 19) 

Fixed carbon 

5-20°; 

5-15%. 

(Test 21a) 

Solubility in carbon distilpludc 

95- 100% 

98 100% 

(Test 216) 

Non-mineral matter insoluble 

o-5°; 

0 2% 

(Test 21c) 

Mi net id matter 

0-1% 

0-1% 

(Test 22) 

Carbones 

o- 2 °;. 

0 2%. 

(Test 23) 

Solubility m 88° naphtha 

50 90% 

65-95% 

(Test 24) 

Solubility in absolute alcohol 

Almost romplete 

Almost complete 


Solubility in glacial acetic acid 

Almost complete 

Almost complete 


Solubility in arctic nnhvdnde 

Almost complete 

Almost complete 

(Test 28) 

Sulphur 

0 0% 

0 0%, 

(Test 30) 

Oxygen 

2 10% 

5 10%> 

(Test 32) 

Naphthalene . 

None 

None 

(Test 33) 

Paraffine 

None 

None 

(Test 35) 

Sulphonation residue 

Trace to 5% 

Trace to 5% 

(Test 37) 

Saponifiable constituents 

5 25°; 

10 50% 

(Test 17a) 

Resin acids 

1 p to 15% 

1|. to .10% 

(Test 41) 

Diazo rea< tion 

1 ea 

Yea 

(Test 42) 

Anthraquinone reaction 

No 

No 

(Test 43) 

1 leberinann-Storrh reaction 

1 es 

Yes 


Arcording to Holde, 1 on slinking wood tar with water, the aqneona extract 
witl reaet acid (duo to the acetic acid present), and u|mn adding a few drops of 
ferric chloride, will at first form a green and then a hrownish-green coloration. 
On subjecting wood tar to distillation, the first rx.rtion passing over shows a sep¬ 
aration of water which will react acid. On continuing the distillation, oily matters 
are obtained dissolving readily tn alcohol, and which on treatment with concen¬ 
trated sulphuric acid become converted into water-soluble substances. I ine tar 
has a high acid value, since it often contains aa much as ,t0 jkt cent by weight 
of resin acids. 

Wood-tar Pitches.— Hard-wood-tar pitch and pine-tar pitch vary in 
their physical properties, depending upon the following circumstances. 

(1) The variety of wood used. 

(2) The method by which the wood is distilled, including the tem¬ 
perature, its duration, the kind of retort, etc. 

(3) The extent to which the tar is distilled in producing the pitch. 
The further it is distilled, the harder the pitch and the higher its fusing- 
point. 

They comply with the following characteristics. 

1 '* Pnterauebung dcr KoMen»«Mcr.u>ff6le and Fettc," p. 2M. Berlin. 1913. 
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(Tart 1) 

Color in maaa. 

Hardwood-tar 

Pitch 

.. Black 

Pine-tar Pitch 
(from Reeinout 
Wood) ■ 

Brownish black 

(Teat 2) 

Homogeneity. 

.. Uniform 

Uniform 

(Teat 4) 

Fracture. 

.. Conchoidal 

Conchoidal 

(Teat 5) 

Lustre. 

. Bright to dull 

Bright to dull 

(Teat 6) 

Streak. 

Brown to black 

Brown 

(Teat 7) 

Specific gravity at 77® F. 

. 1.20-1 30 

1.10-1.15 

(Teat 9c) 

Consistency at 77® F. 

.. 10-100 

10-100 

(Teat 8 d) 

Susceptibility factor 

. >100 

>100 

(Teat 10) 

Ductility. 

.. Variable 

Variable 

(Test 13) 

Odor on heating. 

Characteristic 

Characteristic 

(Test 15a) 

Fusing-point (K. nnd 8. method),, . 

. . 100-200° F. 

100-200°F. 

(Teat 18) 

Volatile matter. 

Variable 


(Teat 10) 

Fixed carbon. .. . 

.. 1.3-35% 

10-25% 

(Teat 21a) 

8oluhle in carbon disulphide. 

. 30 95% 

40-95% 

(Test 216) 

Non-mineral matter insoluble. 

. . 5-70% 

2-60% 

(Teat 21c) 

Mineral matter. 

0-1% 

0-1% 

(Test 22) 

Carbenea. 

2-10% 

0-5% 

(Teat 23) 

Solubility in 88® naphtha 

.. 15-50% 

25-80% 

(Teat 28) 

Sulphur. 

• • 0% 

0% 

(Teat 30) 

Oxygen in non-mincrul matt r. 

. 1-5% 

2-8% 

(Teat 32) 

Naphthalene. 

. Nono 


(Test 33) 

Paraffine. 

None 


(Test 33) 

Sulphonation residue . 

.. 0-s% 

0-3% 

(Test 37) 

Saponifiable constituents. 

5-25% 

10-40% 

(Test 37c) 

Resin adds. 

Up to 20% 


(Test 41) 

Diaio reaction. 

.. Yes 

Yes 

(Test 42) 

Anthraquinoi.e reaction. 

.. No 

No 

(Teat 43) 

Liebermann-Storch reaction . 

.. Yes 

Yea 


A representative sample of hardwood-tar pitch tested by the author 
showed: 


(Test 9c) Hardness at 115° F. 39 

Hardness at 77® F. 53 1 

H&rdoeM >t 32" F.Greater than ISO 

(TmI Bd) Suireptibility factor. .Greater than 100 

(Test 106) Ductility at 115° F. . . . . 41 

Ductility at 77® F.50.3 

Ductility at 32® F.•." 0 

(Test 11) Tensile strength at 115° F. 0.3 

Tensile strength at 77® F . 2 1 

Tensile strength at 32® F.12 o 

(Test 15a) Fusing-point (K. and 8 . method). 123 ° F. 

(Test 21a) Soluble in carbon disulphide .... ... ... 02 7% 

(Test 23) Soluble in 88 ® naphtha.. ... ... 25.3% 

A sample of pine-tar pitch tested by Church and Weiss' showed: 

(Test 7) Spacifio gravity at 77® F. 113 

iToat 96) Penetration at 115® F. Too soft 

Penetration at 77® F. 41 

Penetration at 32® F. 3 

(Teat 13<) Fusing-point (cube method). 127® F, 

(Teat 19) Filed carbon. 19 . 9 % 

(Teat 21«) Soluble in carbon disulphide. 95.4% 

(Teat 216) Non-mineral matter insolublo. 4.5% 

vTtft 21c) Mineral matter. 0 . 1 % 

(Teat 23) Carbenea. e. 6 % 

(Teat 24) Soluble in benaol. 92.2% 


("gome Experiments on Technical Bilumocs,” Proe. Am. Soc. reefing Material*, If, 278, 1915, 











































WOOD TAR, WOOD-TAR PITCH AND ROSIN PITCH 


183 


According to Benson and Davis,' wood-tar pitches are more soluble in acetone 
than in carbon disulphide. Thus, hard-wood-tar pitches were found to be 15,0- 
31.9 per cent more soluble in acetone than in carbon disulphide, and pine-tar pitches 
(obtained from the Douglas fir) 8.0 to 57.8 per cent more soluble in the former 
solvent. 

Wood-tar pitches are characterised by their extreme susceptibility 
to changes in temperature, by the fact that they appear hard and at the 
same time show a surprisingly low fusing-point. 2 Wood-tar pitches are 
notoriously non-weatherproof. They are extremely susceptible to oxida¬ 
tion on exposure to the weather and soon converted into a lifeless and 
pulverent mass. Pine-tar pitch contains more or less resin, and accord¬ 
ing to Holde, shows an acid value greater than 57. 


ROSIN PITCH 

The sap of the long-leaf pine, known rhemically as an oleo-resin, is 
composed of a mixture of spirits of turpentine and rosin. It is gathered 
by cutting into the bark one-half to one inch, whereupon the oleo-resin 
slowly exudes and is collected in small cups, of which var'ous ty]>cs are 
in use. 

Tb^ oleo-resin is then distilled to separate the spirits of turpentine 
from the rosin. The apparatus ordinarily used in the United StateB 



for this purpose is shown in Fig. 79, consisting of a simple type of copper 
still with a “ worm ” condenser. The capacity of the still varies from 
10 to 40 barrels at the outside, and usually Ijctwecn 15 and 20. After 
the still is charged, the fire is started, and a mixture of spirits of turpen¬ 
tine and water (since the oleo-resin contains between 5 and 10 per cent 

l “The Fm> Carbon ol Wood-tar Pitchea," J M. Bnt- Cktm. ». 141. 1817. 

1 "Examination of Aaphalla, " by E. Dooath and B M. Margooehaa. Cheat M„ tt. 890, 
1004; “Behavior ol Wood-tar Pitch with Certain Organic Solventa," B. M, Margoacbca, Cktm. 
Her. PtU-Hart-InH., U, 5, 1004; " Diatinction bat wean Ugnita Pitch and Other Fitchoa," bp 
E. Graefn, Chant. Sail., N. 388. 1808. 
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of water) appears in the condenser. When all the water has boiled over, 
additional quantities are added in a small stream during the distillation, 
since the introduction of water causes the turpentine to boil at a lower 
temperature and prevents overheating, improving both the colors and 
yields of the turpentine and rosin. Towards the end of the distillation 
the stream of water is shut off, and the rosin heated until all the moisture 
is expelled, usually between 300 and 400° F. Before cooling, any foreign 
matter is skimmed off the surface of the rosin, after which it is strained 
through a fine mesh screen and barreled. 1 

Rosin deprived of its turpentine, when heated in a closed retort will 
undergo destructive distillation, yielding a gas, an aqueous liquor and 
an oily distillate which may be separated into several fractions. If 
the process is carried to completion, coke will be left as residue. If the 
distillation is terminated before the formation of coke, a pitchy residue 
will remain, known commercially as “ rosin pitch.” 

The rosin may be distilled either with or without superheated steam. 
If the latter is employed, the quality of the distillate is improved, and a 
much better temperature control obtained. Distillation under vacuum 
is also used in many cases. The rosin may accordingly be destructively 
distilled by any of the following processes: 

(1) At atmospheric pressure without steam. 

(2) With superheated steam. 

(3) Under vacuum. 

When the temperature of the rosin reaches 150° C. a liquid distillate 
appears which separates into two layers, the lower containing acetic 
acid, also other organic acids dissolved in water, and the upper composed 
of oily substances known as “ rosin spirit ” or “ pinoline.” When the 
temperature reaches 200° O. the receiver is changed, and the distillate 
which ensues is either collected together or separated into fractions. 
The temperature of the residue in the retort is permitted to reach 350 
to 360° C. but never to exceed the latter. The fraction between 200 and 
360° C. known as “ rosin oil,” may lie separated into various portions 
termed “yellow rosin oil,” “blue rosin oil,” “green rosin oil,” etc., 
depending upon their respective colors. 

In distilling rosin destructively at atmospheric pressure, the following 
products are separated: 


Non-condensable gases. 9 0% 

Acid liquor. 3 5% 

Rosin spirits or pinoline . 3 5% 

Rosin oil. 87 0% 

Rosin pitch. 16.0% 

Loss (rosin adhering to walls of still, etc.). 10% 


‘Bulletin No. 229, U. S. Dept, of Agr., Wash., D. C., July 28, 1915. 
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According to Victor Schweizer, 1 when rosin is distilled with super¬ 
heated steam, the following yields are obtained: 


Acul liquor.. .. 
Rosin spirits. 
Blue rosin oil 
Brown rosin oil 
Rosin pitch. .. 


... 5 5 - i 8% 

• ■ 11 24-12 0% 

49 0 50 5% 

• • 10 25 10 04% 

. . 18 0 - 19 0% 


The rosin pitch is run from the still while it is hot, and allowed to 
cool in a suitable receiver. It is fairly uniform in composition and con¬ 
forms with the following characteristics: 


(Test 1) Coloi in mass 
(Teat 2) Homogeneity 
(Test 4, Fracture 
(Teat 5) Lustre 
(Test 6) Streak 

(Test 7) Specific gravity at 77° F 
(Test 9r) Consistency at 77° F 
(Test !»</) Susceptibility factor 
(Test 10c) Ductility at 77° F 
(Test 14a) Behavior on melting 


(Test 15a) Funmg-point (K and S method! 

(Test 10) Volatile matter, 500° F , 5 hr* 

(Test 17) Flash-point 

(Test 19) Fixed carbon 

(Test 21a) Soluble hi carbon disulphide 

(Test 216) Non-mineral matter insolubh 

(Test 21c) Mineral matter 

(Test 22) Carbones. 

(Test 23) Solubility in 88° naphtha 
(Test 28) Sulphur 

(Teat 30) Oxygen in non-mineral matter 

(Teat 33) Paraffine . 

(Test 35) Sulphonntion residue 
(Test 37) Saponifiable constituents 
(Test ID Dmso reaction 
(Test 42) Anthrnqiiinonc rca< tion 
(Test 43) I.icbcrmann-Ston h reaction 


Rlack 
l'inform 
('one hold a I 

Dull 

Light yellow to 
brown 
1 08 1 15 
50 100 

(Ircatcr than 100 
O 

Passes rapidly from 
the solid to the 
liquid state 
120 200° F 
10 18% 

Above 250* F. 

10 20 % 

98 100% 

0 2 % 

0 1 % 

0 5%, 

90 100% 

0 0 % 

5-10% 

0 0 % 

0 5% 

25 95% 

Ye. 

No 

4e« 


Kosin pitch is very much like rosin in its physical properties. It is 
extremely susceptible to temperature changes, and as ordinarily pro¬ 
duced, is hard and friable at 77° F. It is characterized by the presence 
of considerable quantities of unaltered resin acids (10 to 45 per cent), 
and is free from fatty acids, glycerol, sulphur and paraffine. It with¬ 
stands weathering very poorly, and has therefore but a limited use. 
Upon being heated, it passes rapidly from the solid to the liquid state, 
forming a melt of low viscosity. 

‘"The Distillation of Renin.,'’ p. 59. New York. 
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“Burgundy pitch” is the name applied to the oleo-resin which exudes from 
the Norway spruce (Abies excelsa), found in the Vosges Mountains and in the 
Alps; also from a species of pine obtained in the United States (Pinus australis). 
The crude oleo-resin is melted by boiling with water, and strained to remove any 
particles of bark or other impurities. It then constitutes the so-called “Burgundy 
pitch” (Pix abietina), sometimes marketed under the name “Vosges pitch.” These 
terms are misnomers, since the material is not a true “pitch,” but in reality an oleo- 
resin. It contains more or less spirits of turpentine, which escaped expulsion during 
the boiling process, and a quantity of emulsified water imparting to it an opaque, 
yellowish-brown color. In consistency it is a more or less brittle solid, largely 
susceptible to temperature changes. In summer it softens and gradually flows, 
and in winter it appears very hard and brittle. It melts easily, decrepitating 
because of the water present, and has a strong odor because of the the associated 
spirits of turpentine. On aging it loses its opacity, due to evaporation of the emulsi¬ 
fied water, and turns first to a translucent, and then to a transparent brown color, 
similar to that of rosin. Its composition is substantially the same as rosin, contain¬ 
ing in addition, spirits of turpentine and emulsified water. 



CHAPTER XV 


PEAT AND LIGNITE TARS AND PITCHES 

PEAT TAR AND PEAT-TAR PITCH 

As previously stated (p. 59), peat is derived from the deeom- 
position of vegetable matter in swampy places, such as marshes and bogs. 
On the surface we find tlie growing aquatic plants; somewhat deeper 
we find their decayed remains; and still deeper a dark colored pasty 
substance from which the vegetable structure has largely disappeared, 
containing a substantial percentage of moisture and constituting the 
crude peat. The plants which result in the formation of these deposits 
are mainly aquatic, including marine grasses, reeds, rushes, hedges and 
various mosses. The transformation is caused partly by oxidation in 
the presence of moisture, and also to some extent by the action of cer¬ 
tain forms of bacteria, moulds and fungi. As the mass of peat builds 
up in thickness, the lower layers are first compacted upon Ix-ing subjected 
to pressure, and then gradually carbonized. The essential condition to 
peut formation is that the vegetable remains shall be debited at a 
rate exceeding that of their decomposition. This docs i ot prove to la¬ 
the case in very warm climates, where the remains are entirely decomposed. 
The organic matter should only be partly deconqjost-d, and since the prod¬ 
ucts of partial decomposition act as a preservative to inhibit further 
decay, we can readily understand why the building up of jx-at beds is 
cumulative. It progresses most rapidly at a mean atmospheric tem¬ 
perature of 45° F., which accounts for the fact that no j>eat l>ogs occur 
between the latitudes of 45° N., and 45° S. It is estimated 1 that there 
exist in the United States 20 million acres of peat bogs, 30 million acres 
in Canada, 50 million on the continent of Europe, also approximately 
3 million in Ireland. 

The following constitute the most important varieties of peat, based 
on the locality in which they are found: 

(1) “Hill peat” found at mountain tops and derived from plants consisting 
of Sphagnum and Andromeda mosses, likewise heath. 

(2) "Bottom peat,” found near rivers, lakes, etc, in the low-lands, including: 
(a) dark peat approaching lignite in composition, occurring at the lower part* 

i Encyclopedia Britannic*, 11th Edition. 
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of the deposit; (6) middle peat, which is lighter in color and in weight than the 
preceding; (c) the top stratum, which has a fibrous structure. 

Peat varies in color from light yellowish, through various tints of 
brown, to brownish black or black, all of which appear darker when the 
peat is moist. The lighter shades generally darken to brownish black 
or black upon exposure to air; due largely to oxidation. In texture, 
peat varies from light porous matter having a fibrous or woody structure, 
to substances which are amorphous and clay-like when wet, but api>earing 
quite hard and dense upon drying. Peat may be classified as follows, 
based upon its physical characteristics: 

(1) Turfy peat, consisting of decomposed mosses and aquatic plants, having 
a yellow to yellowish-brown color, and, a soft, s|>ongy, or elastic structure, varying 
in specific gravity when dry from 0.11 to 0.2(5. 

(2) Fibrous peat, consisting of a distinctly fibrous structure derived from moss, 
grass, roots, etc., having a brown or black color. It is brittle and easily broken, 
much less elastic than turfy peat, and when dry has a specific gravity of 0.24 
to 0.07. 

(3) Earthy peat, forming earth-like masses when dry, and sometimes showing 
a vestige of fibrous structure. Fractures with more or less difficulty, presenting a 
surface with little lustre. Specific gravity 0.41 to 0.90. 

(4) Pitchy peat. Dense and hard when dry, resisting fracture and bre king 
with a smooth and often lustrous surface approaching that of lignite, Specific 
gravity 0.62 to 1.03. 

The chemical composition of peat is but little understood. It is 
regarded as a mixture of water, inorganic matter (calcium and iron 
compounds), vegetable fibres and humus acids (such as humic, ulmic, 
crenic, apocrenic, etc.). According to II. 1 torntrager 1 the black varieties 
contain lie tween 25 and 00 per cent of humus acids, 30 to 60 per cent 
of fibre, and 3 to 5 per cent of ash. Nitrogenous compounds are also 
present varying from 1 to 3 per cent of the dry weight, resulting partly 
from the associated animal matter, and also due partly to the humus acids 
combining with atmospheric nitrogen, forming what are known as azo- 
humic acids. Sulphur is also present in amounts l)etween 0.1 and 5.3 
per cent based on the dry weight. 

Resinous substances are found in certain varieties of peat to which 
various names have l>een assigned, also liodies of a waxy nature derived 
from the associated gelatinous alg®, known as “ sapropel.” 

When recently formed, the peat beds are but loosely compacted, 
but as they accumulate, the under layers become compressed, so what 
once was a foot thick may be concentrated to several inches. In other 

< Znit. anal Ckim , N. 694, 1900; 49. 039, 1901 
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cases the beds become covered with sedimentary rocks, which augment 
the pressure, and gradually transform the peat into lignite. 1 

Peat is generally collected by cutting trenches through the l>og with s spade, 
and removing it in sods about 3 to 4 ft. long. The deposits are worked in steps 
or tiers. Mechanical excavators and dredges have also lieen used for the puriwae. 
The sods /ire allowed to drain, then air-dried and finally heated to a high tem¬ 
perature in.either stationary or revolving ovens, to remove the water. Peat as 
freshly mined contains 75 nnd 90 per cent by weight of water, which must oi 
necessity be removed before the product can be used as a fuel. Air-dried >wat 
carries 10 to 15 per cent of moisture, and the artificially dried pent lietween a 

trace and 80 |>er cent of mineral ash, consisting principally of sand and day with 

smaller quantities of iron oxide, calcium and magnesium salts. The maximum 
quantity of ash usually considered allowable when used as a fuel is 25 )>er cent 
of the dry weight, l’eat with leas than 5 |ier cent ash is considered good, Is'lwccn 
5 and 10 per cent as fair, and over 10 fier cent ns |x>or. With I suit containing 

leas than 10 per cent of ash in the moisture-free state, the fixed carbon varies 

lietween 15 and 35 per cent, averaging aliout 30 |s>r cent. 

• It is customary to briquette the partly dried fssit, carrying 10 to l.i per ecu 
of water, and then continuing the drying until practically all the moisture w 
removed, and the residual peat compacted into tough briquettes suitable for lire 
as fuel. It is briquetted under a pressure of 18,000 to 3(1,IKK) lb. per square inch, 
which generates sufficient heat to liberate some of the tarry ' of , £ 

peat, causing the sides of the briquettes to assume a highly ,s,I,shed glare, lh. 
product is claimed to have a calorific value almost equal to that, of ™" , 

' I„ 1904 Dr. M. K. Kcnberg, of I.o.„lo„, devised a proeesj. for deMmtmg 
peat known as “wet. carbonising," which seems to offer ,sissib,hues. The 
'peat, containing 85 to IK) per cent of water, is subjected <« » “ 

above 300° E., in a special form of apparatus, and under I 

This causes the .maty substances to coagulate and perhaps . 

I ionization, so that their physical pro|*tr1ics Ik'coii.c o'"'™ 1 > fh ^ r ,.„ (|) | y 

in color and transformed from a '^"^th"’ filtered residue amounts to 

be separated by filtering, so that the moisture it , )ow 

only 5 per cent. The process is cont.m.o.isi am llm c t M ^ & 

The briquetted [ie.it is ordinarily used ' ? ' f ' Various methods 

for the recovery of gas, tar, ammonium co.niK.unds and 

1 " Reports upon Che ,n.h Pc. "•*'\l fZ. 

Rchweia," Berne. Rwi.red.nd, W. ^ »•« ^ 

contains ft bibliography on pent. 11 , .. j | WI! j. A I. fiwni. Ml Al« C" 

McCourt and Pa,melee, Ann Kept 1 <■“' „y V C Kerr, 1006. J 

N Y. Stale Mua, Vol 1, P 16. ,00 >- P * . . „ (• , |l IS. 1906: "Peal. Ha l »c »«d 

Holmes. Bull No W0, V S. Gent |<k) 7. "Tl,e Data <>f Georhcmialry, 

Manufacluro," by P K Bidding and F T <■«“ «■ "p..,, and bifnile. The,, Manu- 

Clark. Bull No. 330. lb S. Ceol Survey. »*£\ D J C.nad., Hull. 10. I»»! 

tacture and TVs in Europe," t MaTom, „l the Peat Bore «"d P, at ‘■n't 

**Commercial Peat," b, F T Guwmg. 900. I Canada, 100S; Report 71 by 

Industry in Canada,” Report 30 by • F* ” t „ ( „ 1000 10; Report 2*6 >» Anrep, 

Anrep, Larson, F.kelnnd, etc., Orta... CanM o( Peat," by Cbaa. 

1011-12: Report IN by Anrep, ^’^‘j.’llr. W«h., D. C, toll. 

Bull No. 18, Buretu of Mine*, U. 8. Uep 
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have been used for distilling peat, similar to those employed for treating coal. 
Peat may be destructively distilled in closed retorts, obtaining a gas suitable for use 
as a fuel, likewise tar, ammonia, and a good grade of coke, but in the United 
States this process has only l>een carried on in a small experimental way. At the 
present time the cost of drying and briquetting peat brings its price higher than 
that of bituminous coal. For these reasons neither peat tar nor peat-tar pitch 
are produced in commercial quantities. It is probable, however, that in the future, 
greater attention will be puid to the enormous peat deposits now inoperative. A 
brief description of the European practice, therefore, will not l>e out of place. 

The Zeigler process of treating peat has attracted attention in Germany, Ba¬ 
varia, and Russia. It is distilled in retorts 40 ft. high, having an elliptical cross- 
section. The upper portion is constructed of cast iron and the lower of fire 
brick. Vertical fire-brick flues are built outside the central cham))cr. A feed-box 
is attached to the top of the retort with a gas-tight cover opening inward, and 
tho lower portion of the retort terminates in a hopper with two openings from 
which the coke is removed from time to time. The volatile matter is drawn off 
by suction, passed through condensers to remove the aqueous liquor and tar, 
and the purified gases caused to burn in the fire-brick flues surrounding the retort. 
The products of combustion, having a temperature of 1800° F., are used for 
drying the peat until it contains about 15 to 20 per cent of moisture. The tar 
is separated from the aqueous liquor by heating the mixture with steam to the 
melting-point of the tar, which then rises to the surface. It is a black, viscid 
liquid with a disagreeable acrid odor, representing 2 to 5 {>er cent of the dry weight 
of the peat used. The aqueous liquor contains ammonium salts, acetic and othor 
organic acids, wood alcohol, and pyridine bases. The tar is slowly distilled, and 
after the water ceases to pass over, the receiver is changed and the distillation 
continued until 45 per cent of oily distillate has been collected. The receiver is 
again changed, and heavy oils containing paraffine wax, totalling al>out 80 per 
cent by weight of the tar caught separately, leaving 15 to 20 per cent of peat-tar 
pitch in tho retort, which is finally drawn off. The oily distillate first recovered 
is redistilled into light naphtha (density under 0.83), and heavy naphtha (density 
0.85). The heavy oil is cooled and pressed to separate lubricating oil from the 
paraffine wax. The products are treated first with concentrated sulphuric acid 
an l then with caustic soda to remove tarry impurities and creosote oil respectively, 
the latter being recovered in the form of creosote or carbolic acid. 

The following represent the percentages by weight of by-products obtained 
per ton of the air-dried peat: 

Qas<* and loss. 15% 

Aqueous liquor. . . 40% 

Peat tar . 9% 

Coke. 30% 


Total. 


100 % 


The following percentages by weight of by-products were obtained from the 
Aqueous liquor: 


Ammonium sulphate 

Methyl alcohol. 

Pyridine bases. 

Acetic acid. 


.. 4 0% 

... 20 % 
.. 0 . 2 % 
... 1.5% 
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The dry peat tar yields the following: 



Crudt, 

\ ft«i Pun luai utn 


Pt r Cent 

P« r C'ent 

Light naphtha 

Hi 

12 

Heavy naphtha 

10 

2. r * 

Lubricating oil 

i:» * 

13 

Paraffine wax 

12 

2 

Peat-tar pitch 

It* 

1G 

Creosote 


12 

Loss 

n 

20 


1(10 

100 


Hohle reports 1 that the destructive distillation crude uudricd |s';il pnsluces: 

Noti-cenUcnsalilc gaiH'S . . ' * * 

Anurous distillate ‘-’j 

Peat tar “ 1,1 " 


Briquetted Yorkshire jieat on distillation yields between 11 mid 22 lh of luiniio- 
niuni sulphate per ton, and approximately US gal of tar and water I lie gases 
evolved are sufficient to conduct the process of distillation which yields a coke, 
hard enough to be used in blast furnaces. The tar on distillation yields the fol¬ 
lowing fractions: 


Below 150“ c 
ISO 250” (' 

Above 2. r >0° C 

Also a residue amounting to lH75 f J 
The distillate boiling above 2. p »0° C 


■>f hard p<n(-t:tr 
contained G p« r r 


1 1.V\ distillate (spier 0 Hfl7) 
211 (Ml', distillate (spur » 0M) 
:,(l D0‘; distillate (apgr 0 941) 
pitch 

nut of paraffine Han 


Graefe (lor. cit.) retmrts the following tests on ltussian peal tar: 


Hp gr 

Boiling-point. 

Distillate of crude oils 
IVal-tar pitch 
Creosote m the crude oils 
Paraffine in the crude tar 
Fusing-point, of the crude tnr 


0 (M 

i«r»* c 
20 % 

71 1% 

ir»% 

(» 

M 2* c 


K. Bbrnstein and K Bernstein - dcvie.l a process for snl.jectnig crude an t 

to destructive distilliitio,,. and recover the nitrogenous ..ids i ”Talk 1* 

tar after dehydratiem contained phenols, IS |*r cent; nitrogenous bases talk, - 
loids), 1 per cent; neutral oils, 114 per rent; and pitch (eonliiming paraffine), 

17 In' Europe and Canada attempts have I wen made to utilise peat for inarm- 
factoring producer gas (see p. 172). A social type of producer known as he 
Korting '‘Double Zone, Up-draft Beat (.as Bro.li.cer, has been designed for 


!i°X lt», 731, 1915; »1«. '■ "tew Ch<m , *7. Autau. 71 2, I9H. 
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purpose, as illustrated in Fig. 80. It operates on peat which has been air-dried 
for /our weeks, containing 25 to 50 per cent moisture, thus saving the time 

and expense of drying artificially. This 

* moisture is converted into steam in the 

producer, and obviates the necessity of 
introducing steam with the air, as in the 
case of coal or coke (p. 239). The air-dried 
peat B in the form of sods measuring 
8X4X2 in., weighing 11 to 2 lb. each, is 
charged into the hoppers A-A, from which 
it falls upon the sloping grates C-C, where 
it undergoes partial combustion. Sufficient 
air is admitted below the grates to distil off 
the moisture and volatile matter. The car- 
lionized fuel then passes downward through 
the comparatively narrow duct G to a second 
combustion zone H at bottom of the pro¬ 
ducer, where the combustion is carried to 

» completion. The moisture and tarry vapors 

evolved in the upper zone pass through the 
opening D and downcomer E and intro¬ 
duced at F directly below the grate-bars 
of the lower zone, whence they pass upward 
through the incandescent fuel to the draw¬ 
off pipes J J. The air admitted to the 
lower zone through the pipes / -/ is carefully 
regulated, so that a proper interaction will 
"-j take place lietween the fuel, moisture, and 
Air and Steam' f - tarry vapors, resulting in the ultimate forma- 

L-t—J tion of hydrogen and carlion-nionoxide. The 

Fig. 80.—Korting Double Zone Up- tarry matters are partly converted into 

Draft Gas Producer for Peat. permanent gases, and partly burned. A good 

(Nirtion of the tar, however, escapes decom|x>- 
sition and is carried by the producer gas, from which it must lie separated by a 
tar extractor and scrubber. The tar recovered in this manner amounts to 1 to 2 
per cent by weight of the dry peat and is very similar in composition and properties 
to peat tar derived from destructive distillation processes. 1 
Dehydrated peat tars in general, tost as follows: 


Air and Steam' f : j 
Fio. 80.—Kbrting Double Zone Up- 
Draft Gas Producer for Peat. 


(Test 1) Color in maw. . Black 

(Teat 7) Specific gravity at 77° F . 0 90-105 

(Test 9) Hardness or consistency . . liquid 

(Test 15a) Fusint-point (K. and & method) . 40-60° F. 

(Test 16) Volatile matter at 500° F , in 4 hra . 50-85% 

(Test 17a) Flash-point.. ... . 60-95° F. 

(Test 19) Fixed carbon. . . 5-15% 

(Test 21a) Soluble in carbon disulphide . 98-100% 

(Test 216) Non-mineral matter insoluble. 0-2% 

(Test 2lc) Mineral matter. 0-1% 

(Test 22) Carbenes. . 0-2% 

•"Use of Peat in Gas Producing Plants,” E. C. C. Baly, J, «Sac. Ch*m. 7n4, 91, 1240, 1919. 
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(Tat 23) 

Solubility in 88° naphtha 

. 95-100% 

(T«*t 28) 

Sulphur. 

(Teat 30) 

Oxygen in non-mineral matter 

Lew 1% 

(Teat 33) 

Paraffine wax. 


(Tut 38) 

Sulphonation residue 


(Teat 37) 

Saponifiable constituents . 

. 5 15% 

(Teat 41) 

Diazo reaction 

(Teat 42) 

Anthraquinone reaction 


(Teat 43) 

Liebermann-Storch reaction . . 

No 


Peat-tiir pilch is obtained by the evaporation or steam distillation of peat tar. 
It is not an article of commerce in the United States. Its hardness or consistency, 
as well as its fusing-point, depend upon the extent to which the distillation has liecii 
conducted. Ordinarily peat-tar pitch tests much the same as lignite-tar pitch, 
the results being included on table XXXV, p. 482. It is highly susceptible to tem¬ 
perature changes, and withstands exposure to the weather very poorly. 


LIGNITE TAR AND LIGNITE-TAR PITCH 

The U. S. Geological Survey estimates that 1,087,514,400,000 tons of 
lignite arc available in the United States, but it is used only in a limited 
way, due to the abundance of other types of fuel. 1 Large debits occur 
also in Alberta, Saskatchewan and Manitoba, Canada. A zone covering 
alxiut 1700 square miles has lieen located in Australia, and one small 
deposit has lieen reported in England (at Hovey-Tracey in Devonshire). 
A commercial product known as “ kaumazite ” is made from Hohcmian 
lignite by a process of low-temperature distillation. 2 In Germany, how¬ 
ever, the lignite industry has made much more rapid advances owing 
partly to the scarcity of high-grade coals, and partly to the fact that the 
deposits are located close to large cities, making the cost of trans|iortation 
low. The lignite is accordingly used as a fuel for steam plants, for manu¬ 
facturing producer gas, and for distillation purjioscs to recover its valuable 
by-products. 

The descriptions of the methods which follow are based on German 
practice as carried out in the following localities, viz.: 

(1) near Horretn, a short distance west of Cologne in Rhine Prov'ncc; 

(2) in the neighliorhood of Halle on the Saale, in the Provinces of Saxony 

and Thuringia; and 

(3) at Messci, near Darmstadt in Hessen Province. 

The so-called browncoa! (a variety of lignite) is mined at the first two 
localities. It is estimated that 20,000 to 25,000 tons were briquetted 
daily in the Cologne mining district alone, where the lieds run from 30 

« Charles A. Davit, Terh. Paper No. 55, Bureau of Mine*, Dept, of Interior, Wash., D, C.. 
1913. 

•Daniel Bellet, Re r gfn .Set. tS. 118, 1917. 
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to 350 feet thick, averaging 75 feet. Browncoal differs somewhat from 
American lignite in carrying a higher percentage of moisture (about 
60 per cent instead of 25 to 50 per cent). As mined, browncoal is soft 
and either unconsolidated or but slightly consolidated, so that it can be 
cut easily with a knife. The Messcl deposit carries about 30 per cent 
clay and 45 per cent water, the organic constituents apparently being 
combined chemically with the clay. It is greasy in consistency, having 
a black color with a greenish cast. The bed covers about 240 acres 
in a hemispherical depression, and measures 480 ft. in thickness under 
a cover 13 ft. thick composed of gravel and clay. 

Browncoal in the Cologne and Halle regions is found in stratified 
lieds in which the layers alternately appear lighter and darker in color. 
The lighter layers form a brownish-black plastic and greasy mass when 
freshly mined, and a yellowish to light brown pulverulent substance when 
dry. They are characterized by the presence of waxy constituents soluble 
in carbon disulphide, benzol, etc. The darker layers form a black plastic 
mass when fresh, and a dark brown to black earthy substance after dry¬ 
ing. They differ from the light-colored layers, in lieing substantially 
free from soluble waxy constituents. The two varieties arc sorted during 
the process of mining. The light-colored product resembles the mineral 
pyropissite (see p. 160) but yields smaller percentages soluble in benzol, 
etc., the highest grade averaging 32.5 per cent (based on the dry weight). 

The lighter variety of lignite has licen incorrectly termed “ bitu¬ 
minous lignite," and the darker, “ non-bituminous lignite.” For pur¬ 
poses of differentiation, we will refer to them as “ retort lignite ” 
and " fuel lignite ” respectively. 1 Retort lignite ranges in specific 
gravity from 0.9 to 1.1 and melts at ignition, whereas fuel lignite has a 
gravity of 1.2 to 1.4, and does not melt. 

It is assumed that these two varieties of lignite, since they occur 
in the same deposit, result from differing conditions surrounding their 
formation, as for example a variation in water level. Thus if the original 
vegetable matter containing a large amount of waxy constituents was 
protected from the action of atmospheric oxygen by being surrounded 
with water until the transformation into lignite had lieen completed, 
then the woody tissue was more or less preserved, and fuel lignite resulted. 
If, however, the water receded and exposed the deposit to the action of 
air, then the woody tissue l>ecame partly or wholly oxidized, leaving 
the more resistant materials behind, and resulting m the formation of 
retort lignite. If the process of atmospheric oxidation had been carried 
to the greatest possible extent, then the waxes only remain behind, in 

• In Germany they are termed "Distillation Coal" (Schwelkoble) end “Fire Coal" (Feuerkohle), 
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the form of the mineral pyropissitc. As staled previously, pyropissite 
is no longer mined, since its total available supply has l>ecn exhausted. 
Lignite as freshly mined is more or less rapidly acted upon by atmospheric 
oxygen, the dark variety being more susceptible than the light one. A 
typical lignite vein carries about twice as much fuel lignite as retort 
lignite. 

Retort lignite is treated in one or two ways, viz.: 

(1) It is subjected directly to low temperature destructive distil¬ 
lation, or 

(2) It is first extracted with a solvent to remove the montan wax and 
the residue either distilled destructively or briquetted and sold as fuel. 

Fuel lignite is also treated in one of two ways, viz.: 

(1) If it is comparatively free from ash, it is briquetted and used ns fuel; 

(2) If it contains a large proportion of ash, as with Messel lignite, it is used 
for manufacturing producer gas by combustion in an atmosphere of air and steam, 
so that practically all the carbonaceous matter is consumed, leaving almost pure 
ash behind. Since Messel lignite in its crude state contains but 25 per cent of 
combustible material, it is unsuitable for use as fuel, or for purj)OHes of destructive 
distillation. 

When the lignite is to be used for fuel, it is converted into briquettes by 
subjecting the granulated material to great pressure. The heat generated during 
this operation softens the waxy substances present, and binds the particles into 
a solid mass. It is unnecessary, therefore, to add any extraneous binding medium. 

Retort lignite is unsuitable for fuel or manufacturing briquettes, as the large 
quantity of waxy constituents present will soften when heated, causing the briquettes 
to melt and drop through the grate bars. When the retort lignite has l>een ex¬ 
tracted with solvents to remove the "montan wax," the residue still contains 
enough waxy constituents to enable it to lie briquetted. 

Lignite is mined by the open-cut method where the over-burden is not very 
thick, or by driving shafts and tunnels when the l>cd is situated some distahoe 
below the surface. In the case of oj>en-ciit mining, the over-burden is first re¬ 
moved with steam shovels, and the lignite excavated by mechanically o|>eruted 
chain and buckets, which load the material into small skips. 

Shaft mining presents a nuinlier of difficulties owing to the softness and un¬ 
stability of the crude lignite. The shafts must be well timl>ered, and in many 
cases it is first necessary to freeze the lignite Indore it can l>e handled. This is 
accomplished by driving a series of vertical pipes at the bottom of the shaft 
through which salt solution cooled to a low tenqieruture is caused to circulate. 
This solidifies the lignite, and enables it to be be excavated without danger of 
cave-ins. 

Where the lignite is used for manufacturing briquettes, it is first crushed to 
about the size of peas, then passed through sieves, and finally through a drier 
to reduce the moisture to approximately 15 per cent. A tubular drier, heated 
with steam, has been found most satisfactory for the purpose.* The lignite powder 

*" Briquetting Test* of Lignite at Pittsburgh, P»," Bulletin No. 14, Bureau of Mines, U. 8, 
Dept, of Interior, Wash., D. C, 1911. 
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ig fed into a briquetting press, where it is subjected to a pressure between 18,000 
and 22,500 lb. per square inch. 1 

When the retort lignite is to be subjected to destructive distillation, 
it is used directly as it comes from the mine, without drying. In fact, 
the presence of the water materially assists the distillation process by 
preventing the volatile products from decomposing too extensively. 
The water is converted into steam which quickly removes the vapors 
from the hot retort and prevents cracking. Practice has shown that 

the moisture content should 
not be less than 30 per cent. 
In distilling lignite, the humic 
acids present are converted 
into the so-called “ neutral 
bodies,” the cellulose deriv¬ 
atives into phenolic bodies 
and unsaturated hydrocar¬ 
bons, and the waxy constitu¬ 
ents into saturated hydro¬ 
carbons and paraffine wax. 

It is claimed that the 
Rolle retort shown diagram- 
matically in Fig. 81 has lieen 
found most satisfactory for 
treating lignite. It is 5 to 
0 ft. in diameter by 20 to 
25 ft. high, and works con¬ 
tinuously, the oporafion pro¬ 
gressing in two stages, viz.: 

(1) Drying the lignite. 

(2) Decomposing the lig¬ 
nite into gas, water, tar and 
coke. 

The contrivance is com¬ 
posed essentially of two con¬ 
centric cylinders, an outer 
Fin. 81. -Retort for Distilling Pure lignite. one 0 f fi re brick and an inner 

one consisting of a stack of 
conical rings assembled in louvre fashion, constructed of iron or fire clay. 
The lignite after being crushed into lumps about 1$ to 2} in. in diameter is 

‘"The Production and Use of Rrowncnal in the Vicinity of Cologne, Germany,” by C A 
Paris, Tech Paper No, 55, Hureaq of Mines, V, 8. Dept, of fnterior, Wash , D. C, 1913 
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introduced into the space between the concentric cylinders. The products 
of distillation pass out through the flues A and B. The openings C 
represent the fire-flues; D, the stack of conical rings; E, the cap covering 
the rings; F, an inverted cone of metal into which the coke falls after 
the lignite has been thoroughly carbonized; G, a device for intermittently 
drawing off the coke; H, the combustion chamber; J, vents for intro¬ 
ducing the gases; K, the pipes through which the gases enter; and /., 
the fire place which comes into play when the retort is first started up. 
Coal or lignite is burnt on the grate, until the process of destructive 
distillation commences, whereupon the resulting non-condensable gases 
are introduced through K and J, and caused to burn in the flues '1 he 
space over the cap E is kept filled with lignite, ami the rate of travel 
through the retort is controlled by the frequency with which the coke 
is removed from the chan.her G. 

The temperature at which the distillation takes place varies between 
600 and 900° F., and the vapors issue from the retort at 250 to 5<X)° F. 
The products of decomposition are drawn from the retort by a slight 
suction, and passed through a series of air condensers, w hicli removes most 
of the tar, the high boiling-point oils, and part of the water. '1 he condensa¬ 
tion is completed by passing the gases through pqx'S surrounded by water. 1 

The tar is separated from the condensed w uterby wanning it and allowing 
it to stand quietly in a suitable receptacle. '1 he tar being lighter than the 
water, rises to the surface, and is drawn off when the separation is complete. 

In recent years the following icrcentages have been recovered. 

. . SO 00% 

Wa “'. .'. 10 % 

. . 25-33% 

Coke . Balaoco 

Gu. 


The coke has a more or lea, granular structure, ami after quenchingwith wate f - 
carries about 20 per cent of moisture ami 15 to 25 per cent of ash, «fe,aml,ng 

upon the character of the raw lignito. .• •*_ 

The following figures show the yield on d.xtdlmg an except,ona ly nch hgn.te 
containing 32.5 per cent of constituents soluble m carls,,, d,sulpb.de, whah ,no- 
dentally, is very much higher than the present run of the mines._ 


Gum and loa* 
Aqueous liquor. 

Tar. 

Coke . 


Total . 


Original Lignite, 
Per Cent. 


0 

23 

33 

35 

100 


Ijfliil.- after Kilrac- 

Montan Was 

tion with Solvents. 

Kslrartt-il, 

l’er Cent 

Per Ont 

12 

5 

10 

5 

21 

78 

48 

12 

100 

100 


, " pi, Brsunkohlenterr-lndusloe." by Ed. Grade. Halts »• »• »<*»' 
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In Southern Saskatchewan, Canada, the raw lignite testa as an average: 
water, 28.13 per cent; volatile hydrocarbons, 28.11 per cent; fixed carbon, 38.18 
per cent; ash, 6.86 per cent; and sulphur, 0.74 per cent. It is treated in a ver¬ 
tical chamber oven, like a horizontal by-products oven, charged and discharged 
continuously. The gradual application of heat increases the yield of hydrocarbon 
by-products at a high speed of treatment. Rapid evolution of gas results at 
700-900° F., and ceases at 1000° F. A ton of the crude lignite yields: gas, 10,000 
cu. ft.; crude tar (water-free), 15 gal.; ammoniacal liquor, 65 gal.; and coke, 
955 lb. On distillation, the tar yields: light oils, 11.5 per cent; creosote oils, 13.5 
per cent; paraffine, 34.1 per cent; and hard pitch, 24.5 per cent. About 15 lb. 
of ammonium sulphate are recovered per ton. 1 

The Messel lignite carrying a large percentage of mineral water is 
treated in a special form of retort built in batteries, as illustrated in Fig. 

82. The process takes place in three 
stages, viz.: 

(1) Drying of the lignite and accom¬ 
panying generation of steam, taking 
place in the zones c. 

(2) Distillation of the dried material, 
taking place in zones b. 

(3) Combustion of the residual coke 
by means of air and the steam generated 
in (1), taking place in zones a. The steam 
lilrerated in zones c is passed through the 
flues G-e, f-J, and f/-:/ respectively into 
the zones a, as illustrated. 

In other words, the steam generated 
by the lignite itself, is used to decompose 
the coke into producer gas, as described 
on p. 172. The gas is caused to burn 
in the chambers A, H and C respectively, 
the products of combustion passing 
through the openings o, o. Pipe d repre¬ 
sents the outlet for the products of 
decomposition, and s represents the sup¬ 
ply pipe for the heated gas. The paths 
Fio. 82 —Retort for Distilling of the products are indicated by the 

Impure Lignite. arrows. The yield of tar varies between 

4 and 14 per cent, averaging about 
per cent (19 gallons per ton), that of gas 6 per cent, water 44 per 
cent and coke 36 per cent. The residue discharged from the bottom 

»"Method* of Utjliaing Lignite," 8. M. Parting, J. Oat Lighting, 111, 456, 1015,. 
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of the retort is composed of mineral matter carrying 8 per cent of unde- 
composed carbon. More gas is generated during the process than is 
required for heating the retort, and the excess is used for other purposes. 

Lignite in either the air-dried or briquetted form is gradually l>eing 
used more and more, especially in Europe, for manufacturing producer 
gas. Either a Westinghouse double-zone gas producer (see p. 242) or 
a Korting double-zone up-draft producer may be used. The latter is 
similar in construction to the Korting peat-gas producer (Eig. 80), but 
the channel is greater in cross-section, and steam must l>e introduced 
with the air below the grate-bars in the lower zone when artificially dried 
briquetted lignite is used. About 60 cu. ft. of gas are produced from 
each pound of the dry lignite, also J to $ per cent by weight of lignite 
tar, which is separated from the producer gas in the usual manner. When 
the air-dried lignite is used, the process is very similar to that which takes 
place in the Messel retorts, but the yield of tar is much smaller since 
the moisture and tarry vapors generated in the upper part of the pro¬ 
ducer are passed through the incandescent lignite from Mow, to decom¬ 
pose the tar as much as possible, and correspondingly increase the yield 
of producer gas. In other words, the Messel retort, is designed primarily 
to recover the tar, and the lignite-producer to generate gas. 

Lignite tar has a buttery consistency at ordinary temperatures 
with a dark brown to black color. It is composed of liquid and solid 
members of the paraffine and olefine series, together with a small quantity 
of the benzol series, also the higher phenols and their derivatives. It is 
characterized by the presence of a substantial proportion of solid par¬ 
affine (10 to 25 per cent) and from 0.5 to 1.5 per cent of sulphur. 

In general, dehydrated lignite tar conforms with the following char¬ 
acteristics: 

(Test 1) Color io mu. . VellorHsh brown to 

iwmih brown to 
brownish black 


(Teat 7) 8|>eeific gravity at 77* F. 

(Teat 9) Hardness or consistency at 77° F ... . 
(Teat 10) Ductility at 77° F. . 

(Teat 13) Odor on heating 

(Teat 15a) Fusing-point (K and 8 method) 

(Teat 16) Volatile matter at 500° F , 4 hra 
(Teat 17a) Ftaab-point (Pensky-Martena teatei). 
(Teat 19) Fiaed carbon 

(Teat 20) Distillation teat. 


(Teat 21a) Soluble in carbon diaulphide 
(Teat 216) Non-mineral matter inaoluble 

(Test 21c) Mineral matter. 

(Test 22) Car bene*. 


0 85-1.05 

8alve-like to buttery 

None 

Characteriatie 

60-90° F. 

70-85% 

75-00° F. 

5-20%, 

The boiling point rangea 
between 80 and 400® 
C, the greater por¬ 
tion distilling between 
250 and 350° C. 

08-100% 

0 - 1 % 

0 - 1 % 

0 - 2 % 
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(Text 23) Solubility in 88° naphtha . • 95-100% 

(Test 28) Sulphur. ... 0 b-1 S% 

(Teat 29) Nitrogen. !.<■«» than 0 1% 

(Test 30) Oxygen. 5-10% 

(Text 31) Free carbon. 0-1% 

(Text 32) Naphthalene. 1-1% 

(Text 33) Paraffine. ... 10-25% 

(Test 35) Sulphonation residue 10-20% 

(Test 37) Saponifiable constituents.. . 5-20% 

(Text 41) Diaxo leaetion 

(Text 42) Anthrauuinone reaetion No 

(Teat 43) Liebennann-Htoroh reaction No 


Gracfe reports 1 that destructively distilled lignite t..r will range as follows: 



Good Tar 

Awruge Tar 

Poor Tar. 

Specific gravity nt 77* F 

0 807 

() 886 

0 917 

Commence* to boil. 

190° C. 

130° C. 

174° C. 

Crude oil distillate 

30% 

37|% 

24 1% 

Parafflnaremia residue 

03% 

55 5 <rr 

OH 9% 

Paraffinaeeous residue solidifies at . 

29 8° (’ 

25 8° C 

2G 1° C. 

Creosote in crude oil distillate 

11 0% 

15 0% 

19 5% 

Creosote in paraffinaeeous residue .. 

9 0% 

o o% 

7 0% 

Paraffine in paraffinaeeous residue. 

23 3*; 

IS 5 22 0% 

18.2% 

Paraffine in the tar itself 

14 07% 

10 2 12 5% 

12 53% 

Fusing-point of the paraffine 

51 0°C 

40 7° C 

52 7° C. 


The aqueous liquor separated from the lignite t.ir contains 0.03 to 0.07 per 
cent of ammonium salts, which are so small in amount that it scarcely pays to 
recover them. Lignite contains an average of 0.3 per cent of nitrogen, which is 
distributed among its products of distillation as follows: viz. The gas contains 
12 per cent, the aqueous liquor 12 per cent, the tar 10 j>cr cent, and the residual 
coke 60 per cent. 

In practice, lignite tar is distilled to separate various oils and paraffine 
wax. The distillates are purified hy treatment with acids and alkali, 
and the paraffine by re-crystallization. 

The distillation is conducted in one of three ways, viz.: 

(1) At atmospheric pressure, without steam. 

(2) By means of steam. 

(3) Under vacuum, sometimes supplemented with steam. 

Vacuum distillation is generally used, as it saves fuel, reduces the 
time and prevents cracking of the distillates. The l>est practice consists 
in using a slight vacuum at the beginning of the distillation, and gradually 
increasing it until the paraffine Iregins to distil, when it is maintained at 
16 to 28 in. of mercury by a steam injector, or vacuum pump. 

With steam distillation, either plain or superheated steam may he used 
and direct heating of the retort may lie dispensed with in the latter case 

The distillation may lie intermittent or continuous. European prac¬ 
tice provides for the continuous distillation of the dehydrated tar in a 

»" Laboratoriumxburh fttr die Braunkohlentrer-Indintrie,” Hallo a S , p 38, 1908. 
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vertical cylindrical still with a hemispherical bottom having a dome¬ 
shaped cover carrying the exit pipe and fastened to the body of the still. 
Each still is connected with a condenser compost'd of a circular coil of 
metal piping immersed in a water tank. Between 10 and 20 stills are 
erected side by side on a common brick setting. 

Gases derived from the destructive distillation of the lignite, arc mixed 
with air and allowed to burn in flues underneath and around the stills. 

Lignite tar is first distilled to } its original bulk, and the combined 
residues of several stills are run into a separate retort. In some cases the 
residues are distilled to produce lignite-tar pitch, but in the majority they 
are distilled until nothing but coke remains. By thus treating the 
residues in separate retorts, the lives of the first retorts arc lengthened 
materially, and the wear and tear concentrated on a few. The retorts 
in which the preliminary distillation takes place are of course subjected 
to a much lower temperature than those in which the residues are treated. 

When lignite tar is distilled to coke, a certain amount of cracking 
occurs, and consequent formation of tarry matter in the distillates, which 
is removed by treating with sulphuric acid, and the resulting sludge 
worked up into lignite-tar pitch as will be described later. 

Obviously the pitches derived in these two ways differ in their phys¬ 
ical properties, and particularly in' the quantity of associated paraffine, 
which is smaller in lignitc-tar-sludge pitch. 

The tar is fractioned into crude oil (about 33 per cent), a paraffinarc- 
ous distillate (about GO per cent), red oil (aliout 3 per cent), permanent 
gases (about 2 per cent) and coke (about 2 per cent). 

The crude oil is re-distilled into naphtha, illuminating oil, cleaning oil, 
gas oil and light paraffine oil (vaseline oil). The paraflinaceous mass 
is cooled and pressed, which removes the heavy paraffine oil from the 
paraffine wax. The paraffine wax is then re-crystallized and separated 
into the soft paraffine wax and hard paraffine wax respectively. 

According to Scheithauer (loc. cit.), an average grade of lignite tar 
will yield the following products, viz.: lienzine 5 per cent, lubricating 
oil 5 to 10 per cent, light paraffine oils 10 per cent, heavy paraffine oils 
30 to 50 per cent, hard paraffine 10 to 15 per cent, soft paraffine 3 to 6 
.per cent, dark-colored products 3 to 5 per cent, coke, gas and water 20 
to 30 per cent. 

If the distillation of lignite tar is not continued to coke, lignite-tar 
pitch is obtained, amounting to about 5 per cent by weight of the tar. 

The following diagram shows the essential steps in treating lignite 
tar by fractional distillation, including the two alternatives of running 
to pitch and coke respectively. 
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Refined Lignite-t&i Pitch 

reoeote Oil (from ncid sludge) 
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The fractions are purified by treating successively with sulphuric acid and 
caustic soda, which improves the color and odor, and enables the products to com¬ 
mand a higher price. The steps in refining include: 

(1) Treatment with 50° BaumiS sulphuric acid. 

(2) Treatment with 06° BaumiS sulphuric acid. 

(3) Washing with hot water. 

(4) Treatment with a small volume of 38° BaumiS caustic soda. 

(5) Treatment with a large volume of 38° BaumiS caustic soda. 

(9) Washing with hot water. 

The preliminary treatment with weak sulphuric acid removes a portion of the 
basic constituents, including the pyridine. The stronger sulphuric acid extracts 
the remaining basic substances, the tarry matters which impart a dark color, a 
portion of the unsaturated hydrocarbons and the resinous constituents. The small 
quantity of alktdi serves to neutralise the acid, and the larger quantity to remove 
the creosote oils which would impart a disagreeable odor and darken on cxjiosure 
to light. 

The chemical treatment is carried out in lead-lined steel vessels, and the mixing 
effected with a current of air. 

The following represent roughly the quantities of acid and alkali required to 
purify the various fractions: 



50° n* 

Sulphuric Acid, 
IVr Cent 

G(i° B* 

Sulphuric Acid, 
IVr (Yin 

: ih ° w 

('auntie Soda, 

Per Out 

Naphtha . 

i 

7 

* 

Illuminating Oil 

i 



Cleaning Oil 

1 


21 

Soft paraffine wax 

i 

** 

Hard paruffine wax 

i 


. __ 


The total quantity of sulphuric acid required to refine the various fractions 
varies between ti and 7 per cent by weight of the tar, and that of caustic soda 
between 1 and 1 \ per cent. 

The following refined products arc obtained: 

NaphUm. Specific gravity, 0 800-0 820; flash-point, 2.5-35° C.; boiling commences 
at 136° C\, 7 [ier cent distils under 150°, 12 per cent distils under 200°, and the 

balance under 250° C. , 

Illuminating Oil. Specific gravity, 0 820-0.835; flash-point, 35-50 C.; boiling 
commences at 136° C„ 4 per cent distils under 150°, 84 per cent distils under 
200°, and the balance under 250° C. 

Cleaning Oil. Specific gravity, 0835-0.860; flash-point, 60-70 C ; boding com¬ 
mences at 189° C, 4 per cent distils under 200°, 95 per cent distils under 250 , 

and the balance under 300° C. It is free from |iarafline wax.. 

Gas Oil. Specific gravity, 0.875-0.900; flash-point, 80-90 G.; ignition-point, 
100-120° C.; boiling commences at about 200° C„ 20-30 per cent distils under 

250° C., and 70-80 per cent under 300° C. _ • . ,nn- r ■ 

Light Paraffine Oil. Specific gravity, 0.900-0.915; flash-point, 90-100 C., 

ignition-point, 130° C.; boiling commence, at 210-220° C„ 2 per cent du.t.1. 
under 250° C., and 33 per cent distils under 300' C. 
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Heavy Paraffine Oil. Specific gravity, 0.915-0.930; flash-point, 100-110° C.; 
ignition-point, 130-105° C.; boiling commences at 230° C., 2 per cent distils 
under 250° C., and 10 per cent distils under 300° C. 

Paraffine Waz. Fusmg-point varies from 35 to 02° C. (K. and S. method). 
Soft paraffine wax is understood to fuse below, and hard paraffine wax above 50° 
C. The crude wax flashes lie tween 100 and 105° C. Jts specific gravity varies 
with the fusing-point, ranging between 0 880 and 0.915. 

The tar produced from Messed lignite is treated in a similar manner, but only 
the first fraction of the distillate is refined with chemicals, using approximately 
2 per cent of sulphuric acid and 3 per cent of caustic soda. 


After the chemical treatment, the acid and soda sludges are settled 
off. The acid sludge is boiled with steam in lead-lined vessels, which 
decomposes it into pitch and sulphuric acid (30 to 40° Ban me). This 
Bcid has a dark brown color and is used for decomposing the soda sludge 
into creosote oil and sodium sulphate (glaul>er salt). The impure creosote 
containing tarry matters is mixed with the pitch separated from the acid 
sludge, and after washing with water to remove all traces of acid and 
alkali, the mixture is distilled with superheated steam. The purified 
lignite creosote is recovered as distillate (having a sjxvific gravity of 
0.940 to 0.980, and yielding 50 to 70 per cent soluble in caustic soda) 
and the lignite-tar pitch remains as residue. The extent to which the 
distillation is continued regulates the hardness and fusing-|M)int. of the 
pitch, which is much harder in consistency than that obtained from the 
direct distillation of lignite tar. 1 


Lignite-tar pitch is characterized by the presence of phenols giving the diazo 
reaction, the absence of anthracene (as determined by the anthraqiiinone test), 
the absence of insoluble carbonaceous matter, the presence of small quantities of 
paraffine wax, and the fact that it is largely soluble in 88° naphtha. These tests 
distinguish it from coal-tar products. 

According to (Iraefe, 2 lignite-tar pitch is almost completely soluble in benzol 
and turpentine, and less soluble in jictroloum ether or naphtha. Donath and Mar- 
gosches J report that lignite-tar pitch is partly dissolved on boiling with a solution 
of alcoholic potash. 

' " Dio Rrnunkohlenteer-Industrie," by I)r Ed C.rncfe Malle a S, 15)06. “ Dio Rraunkohlen- 
teerprodukto un«l das Oelgaa," by Dr W Scheithnuer, 1907. "Peat and Lignite, Their Manufacture 
and l ? aes in Europe," by K \>*trom, Report 151, D**pt of Mutes, Ottawa, Canada, 1908, "Die 
Sehwelteere, Ihre Gewinnung und Verurbettung,” by Dr W Seheithnuer. 1911. "Shale Oils and 
Tam,” by Dr. W Seheithnuer, London, 1913. ‘‘Peat, Lignite and Coal,’ by B F Haanel, Re¬ 
port 299, Dept of Mines, Ottawa, Canada, 1913. ‘‘Method* of Cnluing I,ignite,” by S M 
Darling, J Gnu l.ti/htmn, 131, 456, 1915; ‘‘The Investigation of Six Samples of Alberta Lignites," 
by Haanel and Bliiard, Report 331, Dept, of Mines, Ottawa, Canada, 1915; "The Brown Coal 
Distillation Industry of Germany,” by D R. Steuart, J. Soe. Ckrm. Ind, S3, 167, 1917. 

•" Laboratoriurasbuch ftlr die Hraunkohlenteer-Industrie," p 139, 1908. 

’CJUtt. Ind., IT, 220, 1904; also J. Soc. CA<m. Jnd., IS, 541, 1901. 
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Lignite-tar pitches conform with the following tests: 


(T«t 1) Color in mass. Black 

(Test 2) Homogeneity. Uniform 

(Test 3) Appearance aurfaceagod indoors one reek. Dull 

(Teet 4) fracture. Conchoidal 

(Test 5) Lustre.Wry bright when fresh 

(Test 6) Streak on porcelain.. . Black 

(Test 7) Specific gravity at 77° F. 1 03-1 20 

(Test. 9c) Hardness at 77° F , con*)istometer . 10-100 

(Test 9d) Susceptibility factor. Greater than 100 

(Test 10) Ducldity. Variable 

(Test 13) Odor on heating. Characteristic 

(Test 14a) Behavior on melting. Passes rapidly from a solid 

into a liquid stats 

(Test 15a) Fusing-point (K. and S. method). 90 250° F 

(Test 18) Volatile matter.Variable 

(Test 17a) Flash-point.Usually above 250* F. 

(Test 19) Fixed carbon. . 10 40% 

(Test 21a) Solubility in carbon disulphide. 95 09% 

(Test 215) Non-mineral matter insoluble. 0-2% 

(Test 21c) Mineral matter. . ••• 0-1% 

(Test 22) Carbenei. . 0 5% 

(Test 23) Solubility in 88° naphtha . 75-95% 

(Test 25) Solubility in other solvents .Lurg'ly soluble in bensol 

and turpentine 

(Test 28) Sulphur. .. .<han 2 5% J 

(Test 30) Oxygen in non-mineral matter.2-5% 

(Test 31) Free carbon . • ■ Trace 

(Test 32) Naphthalene.Absent 

(Test 33) Paraffine. 1-5% 

(Test 35) Siilphonation residue. 5-15% 

(Test 37) Saponifiable constituents. . 0- 5% 

(Test 41) Dinzo reaction . .... Yes 

(Test 42) Anthraquinone reaction 

(Teat 43) Liebermann-Storch reaction ... No 


Lignite-tar pitch is distinguished from wood-tar pitch by its associated sulphur 
and paraffine wax; from coal-tar pitch by its almost complete solubility in l>enzoI 
apd carbon disulphide; and from asphalt, resin pitch and fatty-acid pitches by 
the diazo reaction. On destructive distillation, lignite-tar pitch yields an oily 
distillate free from acid, whereas wood-tar pitch yields an aqueous distillate with 
an acid reaction. 1 _ . 

In Germany, where practically ail of the lignite-tar pitch is produced, it is 
used extensively for manufacturing cheap paints in consequence of its solubility 
in petroleum distillates. 

*" Distinction between Lignite Pitch and Other Pit'-hea," by K. Graefe. Chrm. Zrii., 10, 298, 1906; 
"Native and Artificial Aapbalta." bv J Marcuaaon and It. Kickniann. ('hem. lie Frtt.-Uart-Inri, II, 
315, 1908; "Identifying Asphalta." by J Marnisson, Chrm. Kir Frtt-Uart-tnd., II, 47. 1911; J. 
See. Chem, Ind , SO, 480, 1911; "Chemical Computation and Examination of Natural and Artificial 
Asphalts,' ° by J. Marcuaaon, Chem. Ret. PcU-Uan*lnd„ If, 100, 1912, 





























CHAPTER XVI 


SHALE TAR AND SHALE-TAR PITCH 

The most important deposits of asphaltic and non-asphaltie pyro- 
bituminous shales have l>een considered in Chapter XII. Scotland is 
the home of the “ shale oil ” industry. According to Bacon and Hamor 1 
four large Scottish companies are operating at present, with works at 
Pumpherston, Oakbank, Roman Camp, Broxburn, Dalmeny, Bathgate, 
Uphall, Addiewell, Deans and Seafield, Scotland. At Dorsetshire, 
England, shales are also being worked. 

They arc mined in the same manner as bituminous coal, by driving 
shafts, and then extending drifts radially. Considerable timbering is 
necessary, on account of the softness of the shale. When the seams are 
over 4 ft. in thickness, they arc mined by the “ pillar ” and “ stall ” 
method, and when less than 4 ft. thick, by the “ longwall ” method. 

The mineral as mined is hauled to the surface by power, and then 
run through a breaker, where the masses are broken into lumps measuring 
4 to 6 in. in diameter. The breakers consist of a number of toothed 
iron discs mounted on two shafts revolving in opposite directions. The 
shale upon being crushed to the proper size, is next conveyed up an incline 
to the top of the retort. 

Retorts Used for Distillation. The retorts used have been modified 
from time to time to increase their efficiency, add to their durability, 
hasten the speed of treatment., or to improve the quality of the output. 

The basic principle underlying the modern retort was embodied to 
the patent originally granted to Young & Beilby, 2 illustrated in Fig. 83. 
This consists of four vertical cylinders mounted together, with a common 
hopper above. The upper portion of each cylinder is constructed of metal, 
and the lower portion of fire brick. The distillation takes place in the upper 
part of the retort where the shale is heated to 900° F. The shale is then 
subjected to a higher temperature (1300° F.) in the lower portion, which 
is in reality a gas producer, steam and air being admitted to convert 
the carbonaceous residue into carton dioxide and carton monoxide. 
This generates sufficient heat to effect the distillation in the upper portion 

1 "American Petroleum Induatry," Vol. 2, p. 810w 
1 Eng. Pat. No. 4284 of 1881. 
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of the retort. The admission of air is carefully regulated to maintain 
the required temperature, without causing excessive combustion of the 
by-products. The steam also serves to convert the nitrogen into ammonia. 

The charge gradually passes downward in the retort at a speed regu¬ 
lated by the periodical removal of the spent shale below.. This type was first 
used at Oakbank, but was open to the criticism that it was difficult to 



From “The American Petroleum Industry," by Bacon and Hamor. 
Fig. 83.—Young & Bcilby Retort for Distilling Shales. 

control the temperature of the upper and lower portions respectively. 
Thus, if the lower portion became too hot, the shale would fuse and tho 
retort become chocked up. This resulted in several modifications forming 
the basis of the modem retort which is embodied in four different types, 
viz.': 

Pumphereton Type of Retort need at Pumpheraton, Oakbank, Dalmeny Deans 
and Seafield, Scotland. This was diecloeed in Eng. Pate. No. 8371 of 1894, and 
No. 7113 of 1895, granted jointly to Bryeon and Fraser (of the Pumpheraton Oil 
Co., Limited) and to Jones (of the Dalmeny Oil Works); also Eng. Pat. No. 4749 

i" American Petroleum Induetiy," by Baeeo and Hamor, Yot. a, p. SHi rleo "Shale Olle 
•ad Tara,” by Scbdtbauer, p. 41, 1913. 
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Via. 84.—Pumphcrson Retort for 
/Distilling Shales. 


of 1897, granted to Bryson. The shale is 
prevented from fluxing and choking up 
the retort by keeping it moving continu¬ 
ously instead of intermittently as in the 
Young and Beilby retort. This is brought 
about by supporting the column of shale 
on a disc, from which a revolving scraper 
discharges the consumed shale into the 
hopper below. This retort is illustrated 
in Fig. 84. The shale is introduced into 
the charging hopper, c whence it passes 
into the upper cast-iron portion of the 
retort a in which the actual distillation 
takes place. The shale then slowly works 
its way into the lower portion b , con¬ 
structed of fire-brick, and finally into the 
lower hopper d extending underneath sev¬ 
eral retorts, converging in such a manner 
that a single line of rails running below 
the centre will permit the exhausted shale 
to discharge into small cars, e represents 
the metal disc at the bottom of the retort, 
and i the revolving arm or scraper. Steam 
is introduced into the lower portion of 
the retort b a short distance above the 
disc c, and the gaseous products of distil¬ 
lation are burned with air in the external 
flues to maintain the retort at the proper 
temperature. 

Young and Fyfe Type of Retort used 
at Bathgate, Uphall and Addiewell, Scot¬ 
land. This is embodied in Kng Pats. No. 
13,1)05 of 1897, and No 15,238 of 1899 
issued to William Young and John Fyfe, 
and consists of a large multiple charging 
hopper bolted to a vertical metallic section 
which in turn connects with a lower fire¬ 
brick section of the same diameter, having 
a spacious combustion chamber at the 
bottom. The shale is introduced con¬ 
tinuously into the retort from the hoppers 
by means of two sets of cams attached 
to rocking-shafts which rise and fall alter¬ 
nately, thus obviating the stoppage of the 
retort due to the shale fusing fast to the 
entrance of tho metallic section. A me¬ 
chanical device is also provided at the 
lower end of each retort to effect a con¬ 
tinuous discharge of the spent shale into 
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the combustion chamber, which receives the spent shale in a highly heated con¬ 
dition, and enables the carbonaceous matter to be consumed by introducing steam 
and air. The danger of the shale fluxing and attaching itself to the side-walls 
of the retort is thus minimized. 

Henderson Type of Retort used at Roman Camp and Broxburn, Scotland. 

This is described in Eng. Pats. No. 6726 of 1889, and 28,647 of 1901, granted to 
N. M. Henderson (of the Broxburn Oil Co., Limited), and illustrated in Fig. 85. 
Four retorts are mounted together. The upper cast-iron portion (a) is supported 
directly by the fire-brick section b, the joint between the two being formed so 



Fia. 85.—Henderson Retort for Distilling Shales. 


as to obviate leakage, which is the source of more or less trouble in the other 
types. This retort is made comparatively long to heat the shale gradually and 
thus diminish wear and tear on the lining. The column is kept in continuous 
motion by a pair of revolving toothed rollers i at the bottom, which discharge 
the spent shale into a metal hopper d, whence it passes into small cars. The gases 
escape through the flue e into the pipe /. The yield of ammonia is high and the 
recovered tar of good quality. 

Del Monte Type of Retort Used at Dorsetshire, England. This retort is heated 
internally by burning a portion of the non-condensablc gases in a flue extending 
through the centre of the charge of shale. The retort is inclined at an angle of 
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15° to the horizontal, and the shale introduced at the lower end and worked up¬ 
ward by a spiral screw. The non-condensable gases are passed into the upper 
portion of the retort together with sufficient air to support combustion and forced 
downward to the cooler end where the products of distillation are partly con¬ 
densed by coming in contact with the cold shale. The shale is distilled at the 
lowest possible temperature, for the purpose of increasing the yield of tar. 1 

Methods of Recovering Shale Tar. The vapors leaving the retorts 
are first passed through an “ economizer,” consisting of a tower filled 
with pipes, around which cold water is circulated and thus preheated for 
use in the steam boilers (see Fig. 60). The vapors are then passed 
through an air-condenser (Fig. 59) which separates most of the tar and 
ammoniacal liquor. They are next passed through a scrubl>er (filled with 
a checker-work of wood), and finally through a naphtha scrubber where 
they are washed with the “ intermediate oil ” obtained in distilling the 
shale tar (having a high boiling-point and a specific gravity of 0.84 to 
0.86) which extracts any light naphtha not previously condensed (about 
2 gal. per ton of shale). The naphtha is separated from the scrubbing 
oil by heating the mixture moderately in a still, and condensing the 
distillate (having a specific gravity of 0.73). 

The crude tar and ammoniacal liquor are allowed to stand in a suit¬ 
able container, whereupon the tar rises to the surface on account of its 
lower gravity, and is drawn off. The crude tar is generally termed 
“shale oil,” but this name is just as inappropiiate as the expression 
“oil shale,” often used to designate the shale (see p. 158). 

Products Obtained and Their Yields. Upon destructively distilling 
the Kimmeridge Shales of England and the Lothian Shales of Scotland, 
the following products arc obtained: 

(1) Non-condensable gases, averaging 3000 cu. ft. per ton. 

(2) Ammoniacal liquor yielding an average of 45 lbs. ammonium 
sulphate per ton. 

(3) Shale tar, averaging 25 gal. per ton. 

(4) Light naphtha, averaging 2 gal. per ton. 

(5) Spent shale, averaging between 80 and 85 per cent of the raw 
shale, and containing approximately 2$ per cent unconsumed carbon. 

The non-condensable gases are burned under the retorts, and the 
spent shale discarded, as it has no further value. The valuable products 
are the light naphtha, the shale tar and ammonium sulphate. 

The ammoniacal liquor separated from the tar is treated with steam 
under a pressure of 20 to 30 lbs. in a tower filled with baffle-plates. The 
liquor is run in at the top and the steam introduced at the bottom. The 

> W. B. Minified, J. hut. Pttrol. Ttehn., I, 103. 1016; Bnginuring, 101, 104, 1016. 
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ammonia is expelled in the gaseous state and recovered by passing it 
into sulphuric acid contained in a vessel known as a “cracker box.” 
The acid used for this purpose is usually the waste product from the 
refining process. Crystals of ammonium sulphate separate when the liquor 
becomes sufficiently concentrated, and after being dried are marketed 
as such. In this manner the ammonia is separated from the other nitro¬ 
genous bases, including pyridine, contained in the aqueous liquor. 

The following table gives the minimum and the maximum yields of 
dehydrated shale tar in gallons, and ammonium sulphate in pounds per 
ton of shale, obtained from the most important shale deposits in different 
parts of the world. 1 As a matter of interest, figures are included showing 
the yields from grahainite (West Virginia), albertite (New Brunswick), 
stellarite (Nova Scotia), coorangeite (Australia), torbanite (Scotland), 
and pycopissite (Halle, Germany), although these arc no longer distilled 
commercially because most of the deposits have long been exhausted. 



Yield of Shale Tar i 
(in (iallons) 

) ield of Ammonium 
Sulphate (in Pounds). 

Grahamite (West Virginia). 

170 200 


Albertite (New Brunswick). 

00 112 

03 




Torbanite (Scotland) . 

90-130 


Coorganite (Australia) 

80-120 


PyropKiitc (Halle, Germany). . 



Lothian shalt (Scotland) ... 

10 53 

0-70 

Kimmeridgc shale (England) 

10 40 

10 50 

Coorangitie shale (New South Wales) . . 

14 150 

20 30 

Orepuki shale (New Zealand). 

20 40 


Albert shale (New Brunswick) . 

30 51 

07 111 

Arcadian shale (Nova Scotia) 

4 23 

9 40 

Shales (Eastern United States).. .. 

4 45 

0 10 

Utah shales 

0 10 

40 50 

Colorado and Wyoming shales . . 

10-08 

22 34 


Properties of Shale Tar. Shale tar usually appears black in mass 
with a greenish fluorescence. It is similar in composition to lignite tar, 
although differing from the latter in containing a larger percentage of 
nitrogen (1.1 to 1.5 per cent). Members of the paraffine and olefine 
series constitute 80 to 90 per cent by weight of the tar, and small 
quantities of cresols and phenols are present. 

Dehydrated shale tar tests as follows: 

<T« 1) Color io .. BrownlA bloek with • 

greenish fluoretoeno* 

(Teat 7) 8pecifi« parity at 77* F. 0.85 0.«5 

*"American Petroleum Industry,” by Bacon and Ifamor, Vol. 2, p. 832; "Oil Reaoureea of 
Black Shales of the Eastern United States,” Q. H. Ashley, Bulletin 641-L, U. 8. Oeol, Surrey, 
Wash., D. C., 1917. 
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(Twt 9) 
(Test 15a) 
(Teat 16) 
(Teat 17a) 
(Teat 19) 
(Teat 21a) 
(Teat 21 b) 
(Teat 2k) 
(Teat 22) 
(Teat 23) 
(Teat 28) 
(Teat 29) 
(Teat 30) 
(Teat 31) 
(Teat 33) 
(Teat 35) 
(Teat 37) 
(Teat 41) 
(Teat 42) 
(Teat 43) 


Hardncaa or consistency. 

Fusing-point (K. and 8. method).. ., 
Volatile matter at 500° F., 4 hrs. . . 
Flash-point (Penaky-Martena tester) 

Fixed carbon. 

Soluble in carbon disulphide. 

Non-mineral matter insoluble. 

Mineral matter. 

Carbones. 

Soluble in 88° naphtha. 

Sulphur. 

Nitrogen. 

Oxygen. 

Free carbon. 

Paraffine. . 

Sulphonation residue . 

Saponifiable constituents. 

Diaao reaction. 

Anthraqoinone reaction. 

Liebermann-8torch reaction. 


.. Salve-like to buttery 
.. 60-90° F. 

.. 80-00% 

.. 20-00° F. 

.. 5-10% 

.. 98-100% 

.. 0-2% 

.. 0-1% 

• 0-2% 

.. 95-100% 

. 1.5-2 5% 

.. Tr.-1% 

.. 1-5% 

.. 0-2% 

.. 5-15% 

.. 15-35% 

.. 0-2% 

. Yes 
.. No 
.. No 


The percentage of phenols contained in the shale tar is very much smaller 
proportionately than that present in peat or lignite tars. Shale tar is distinguished 
from the latter by containing larger percentages of nitrogen and sulphur, and 
smaller percentages of oxygen, paraflinc and phenols respectively. 


Refining of Shale Tar. Shale tar may be distilled either inter¬ 
mittently or continuously. In cither case the process consists in heating 
the tar in a still to expel the moisture, whereupon either plain or super¬ 
heated steam is introduced through a perforated pipe under a pressure 
of l>etween 10 and 40 lbs. The tar is evaporated to dryness and the 
following products separated: 

(1) Non-condensable gases ranging from 1 to 2 cu. ft. for each gallon 
of shale tar. 

(2) Light naphtha having a specific gravity of 0.74 to 0.76. 

(3) So-called “ once-run oil ” or “ green oil ” representing the 
fraction between the light naphtha and coke. 

(4) A residue of coke approximating 3 per cent by weight of the 
shale tar. 

The steam is shut off towards the end of the distillation, after the 
“ once-run oil ” has passed over. 

The stills used in Scotland arc of the vertical type from 2000 to 2500 
gal. capacity, constructed of a hemi-spherical cast-iron bottom, and a 
soft malleable-iron cylindrical body to which is attached a dome-shaped 
top bearing the exit pipe. Each still is connected with its own condenser. 

In the continuous distillation process termed the “ Henderson Proc¬ 
ess” 1 a battery of three horizontal stills and one vertical pot-still is used. 
The tar is first led into the middle still where the naphtha is distilled off, 


■ Eng. Pal. No. 13,014 of 18S5. 
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and the residue caused to flow continuously into the two side stills. 
These are heated higher than the centre still, causing the one-run oil 
to distil over continuously. (See continuous distillation of petroleum, 
p. 273.) The residues from these second stills are led into the pot- 
still, where they are evaporated to dryness, the distillate being condensed 
and united with the once-run oil. Several pot-stills are used, since the 
red-hot coke must be allowed to cool before it can be removed, which 
prevents this part of the process being continuous. 

The once-run oil is refined by agitating it with sulphuric acid at 100° 
F. by compressed air. The acid sludge is run off, the oil washed with 
water, and then treated in another agitator with caustic soda in a similar 
manner. 

The refined once-run oil is fractioned either by an intermittent or 
continuous steam distillation process, the following products being 
recovered: 

(1) Heavy naphtha varying in gravity between 0.75 and 0.77. 

(2) Illuminating oil, varying in gravity between 0.78 and 0.85, and having a 
flash-point of 125° F. 

(3) Intermediate or gas-oil varying in gravity Iwtwcen 0.85 and 0.87, and 
having a flash-point higher than 150° F. This is used for manufacturing water- 
gas or enriching illuminating gas (p. 231). 

(4) Lubricating oil having a gravity from 0.87 to 0.91. 

(5) Crude paraffine wax which is purified by re-crystallization or "sweating,” 
having a fusing-point between 110 and 130° F. 

(0) Still gre:ise, which represents the distillate passing over at the close of 
the distillation. 

The various distillates, with the exception of the still grease are 
refined further with sulphuric acid and caustic soda, similar to the method 
used for treating the once-run oil. The crude paraffine wax is refined 
by the sweating process as described on p. 307. 

The following yields are obtained from Scotch shale tar: 

Heavy and light naphthas. . 3-8% 

Illuminating oil . . 20 30% 

Intermediate or gas-oil. . . . 10-25% 

Lubricating oil. . .15-20% 

Soft paraffine scale. . . 3 6% 

Hard paraffine wax. . 7-9% 

Non-condensable gases . .... 3 5% 

Acid and soda sludges and losses. 20-25% 

The acid and soda tars obtained from the various refining processes 
are mixed together in such proportions that the free acid and alkali 
will exactly neutralize each other. The resulting sludge is ordinarily 
used as fuel for the stills, but experiments have been made to convert it 
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into pitch suitable for use as a wood preservative, pipe-dip, or the base of 
bituminous paints. Comparatively little has been accomplished in this 
direction, probably due to the fact that other products are available 
for these purposes, costing but little more and possessing superior weather- 
resisting properties. " Shale-tar pitch,” is very similar in its physical 
properties and composition to lignite-tar pitch (see p. 215). 



CHAPTER XVII 

COAL TAR AND COAL-TAR PITCH 

Under the headings “ Coal tar ” and “ Coal-tar pitchwill beincl uded 
the tars and corresponding pitches recovered as by-products from bitu¬ 
minous coal in: 

(1) Gas works; 

(2) Coke ovens; 

(3) Blast furnaces; 

(4) Gas producers. 

Water-gas tar and water-gas-tar pitch have been included by some 
writers within the seoi>e of the terms coal tar and coal-tar pitch respec¬ 
tively, but in this treatise they will be considered separately since they 
differ in their composition and properties, due to the use of petroleum 
products in their manufacture, as descrilted on p. 258. 

It is estimated that of the total production of coal tar in the United 
States in 1916 (about 225,000,000 gal.), 22 per cent (or 50,000,000 
gal.) was obtained as a by-product in the manufacture of coal gas 
in gas-works, and the balance as a by-product from coke ovens. The 
amounts obtained from gas producers and blast furnaces are practically 
negligible. The three main sources of roal tar in the order of their 
importance are: first, coke-oven coal tar which is continually increasing 
in quantity; second, horizontal retort gas-works coal tar, which has not 
materially increased during the past few years on account of the growing 
popularity of water gas; and third, a comparatively smaller, but gradually 
increasing amount of vertical retort gas-works coal tar. 

Bituminous coals only are suitable for the production of coal tar. 
Cannel and anthracite coals will not answer, since the former distils 
at too low a temperature, and the latter contains insufficient volatile 
matter. Experiments show that cannel coals from Missouri and Illinois 
on distillation yield 28.1 to 69.7 gal. tar and 3500 to 8100 cu. ft. rich 
gas per ton. Between 450 and 500° C., the maximum gasolene is pro¬ 
duced, between 550 and 650° C., the maximum kerosene, and above 
650° C. soft paraffines, heavy lubricating oils, ken*ene and asphalt- 
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like bodies. 1 Bituminous coals are known as “ gas coals ” when used 
for manufacturing illuminating gas, and “ coking coals ” when used for 
coking. Western Pennsylvania, West Virginia, Virginia, eastern Kentucky 
and Tennessee produce most of the bituminous coals used for these pur¬ 
poses, and they comply with the following characteristics: 


Air-dry Iom of coarse material. 1 -5% 

Moisture at 105° C. (powdered material). 1. 5-7.0% 

Volatile matter on ignition. 20 -40% 

Fixed carbon. 50 -75% 

Ash.*. Less than 15% 

Sulphur. I-cm than 2% 

Hydrogen. 4.5*5 5% 

Carbon. 65 -85% 

Nitrogen. 1 -2% 

Oxygen. 5-15% 


Very little is known regarding the chemical composition of the bitu¬ 
minous coal itself, due to the difficulty in converting the coal into recog¬ 
nisable derivatives, and because of its slight solubility in the usual 
solvents for bituminous materials. On subjecting coal to high tempera¬ 
tures, the bodies present decompose into simpler substances which fail 
to give any clue as to their original structure and composition. Decent 
researches lead to the conclusion that coal is essentially a conglomerate 
of cellulose decomposition products admixed with altered resins and 
gums originally present in the plants from which the coal was derived. 

The substances having the highest solvent action are pyridine, 1 which dissolves 
15 to 35 per cent by weight of bituminous coal; aniline,’ which dissolves 20 to 
40 per cent; phenol,* which extracts 25 to 40 per cent at a temperature of 110° 
C.; and quinoline,’ which extracts 30 to 50 per cent at its boiling-point. Anthra¬ 
cite coal is scarcely acted upon by these solvents.* 

A method has recently been devised for converting coal into soluble derivatives 7 
by subjecting the finely pulverized coal suspended in water to the action of ozone 
at room temperature. It is stated that at the end of two days, 92 per cent of 
the coal dissolves, forming a solution having a dark brown color. It would seem 
that some very promising results may bo obtained by this method. 

It has been shown * that the soluble portion of bituminous coal when subjected 

*"8tudie« in the Production of Oils and Tars from Bituminous Materials,” J. C. Ingram, 
6. of M. and Metallurgy, Univ. of Mo., Bull. 4, Vol 3, May, 1917. 

* Bedton, J. Soc. Chem. Ind , IS, 739. 1899; Baker, J Hoc Chem. Ind , JO, 789, 1901; 17, 147, 1908; 
"The Action of Solvents on Coal," Anonymous J Soc. Chcm. Ind, SB, 1130, 1910, A. Wahl, "Tb- 
Solvents of Coal,” Bull. Soc. Chim , 11, 76, 1917. 

»Vignon, J. Soc. Chtm. Ind., 11, 033, 1914. 

* Fraser and Hoffman, Tech. Paper 5, Bureau of Mines, U. S. Dept, of Interior, Wash., D. C., 
1912; Parr and Hadley, J, Soc. Chem., Ind. 14, 213, 1915. 

* Vignon, J. Soc. Chem. Ind., 11, 633, 1914. 

• J. Soc. Chem. Ind., 16, 634, 1917. 

’Frans Fisher. Ber., 41, 1472, 1916; Engineering, 101, 206, 1917; J. Ind. Eng. Chem., % 
620, 1917; Chem. Abe., 11, 1739, 1017. 

* Clarks, Wheeler and Platt, Chtm. Soc. Trane., 101, 1713, 1913; J. Soc. Chem. Ind., It 
W, 1913. 
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fo destructive distillation yields petroleum-like bodies, whereas the insoluble portion 
yields phenols and their derivatives. 1 

D. T. Jones' examined the tars derived from the destructive distillation of 
bituminous coal in vacuo at very low temperatures (below 450° C.). These were 
then subjected at atmospheric pressure to successively increased temperatures up 
to 800° C. Unsaturated hydrocarbons, naphthenes, paraffines, phenols, aromatic 
hydrocarbons and pyridines were found to be present in the low-temperature tar, 
whereas benzol and its homologues, naphthalene, anthracene, phcnnnthrcno and 
the solid aromatic bodies were absent. As the temperature was increased, tho 
naphthenes, paraffines, and unsaturated hydrocarbons were transformed into olefines. 

As the temperature was further increased, the olefines were in turn transformed into 
benzene and its homologues. The percentage of olefines appears to reach a maxi¬ 
mum at 550° C., and a minimum at 750° C., at which latter temperature hydrogen 
and naphthalene are rapidly evolved, as well as methane. The conclusion reached 
is that ordinary coal tar obtained from bituminous coal at high temperatures results 
chiefly from the decomposition of tho tar previously formed at lower temperatures. 

The commercial processes for obtaining coal tar will now be considered. 

Production of Gas-works Coal Tar. In manufacturing illuminating 
gas, bituminous coal is heated in comparatively small fire-clay retorts, 
of D-shaped, oval or round cross-section aliout 1C to 24 in. in diame¬ 
ter. The D-shaped retort is ordinarily used in modem gas-works because 
it is least liable to distortion under the action of heat, and moreover 
presents the greatest area at its base, enabling the contents to lie 
heated more rapidly. In some cases the retorts arc “ single-ended,” 
measuring 8 to 9 ft. in length, but modern practice favors the use of 
“ double-ended ” retorts composed of three sections joined together, 
measuring 15 to 25 ft. over all. In the single-ended retort a metal mouth¬ 
piece is bolted to one end, to which in turn the g;is outlet pipe is fast¬ 
ened. With the double-ended retort, metal mouth-pieces are bolted fast 
to lx)th ends. From 6 to 9 retorts are set together in a common brick 
setting, constituting a “ bench ” which is heated by a single furnace. 

The retorts are supported in either a horizontal, inclined or vertical 
position. The inclined or vertical retorts seem to meet with greater 
favor since they avoid overheating, prevent the formation of “ free 
carbon ” in the tar, and at the same time permit the coke to be handled 
by gravity. The vapors leave horizontal retorts at 000 to 800° F. and the 
vertical and inclined retorts at 300 to 400° F. 

The retorts are heated with water-gas obtained by passing air and 

1 8ec also Jones and Whcchr, Chtm Soc. Trans, 101, 1318, 1917), J Soe. Chtm. Ini., 14 , 

1043, 1915. 

*" Tbs Thermal Decomposition of Low Temperature Coal-tar,'* J. Hoc. Chtm. Ind, M, 3, 
1917; see also "The Primary Volatile Products of the Carltoiiiistion of Coal," by H. C. Porter, Chen. 

Aha., 11, 2537, 1917. 
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steam through incandescent coke beneath the “ bench.” The coke used 
for this purpose is derived as a residue from a previous charge of bitu- 





ruinous coal, amounting to 15 to 25 per cent of the total coke produced. 
The water-gas is burnt in flues surrounding the retorts and the process 
of combustion controlled by the introduction of air. This method of 
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firina results in a higher and more uniform temperature with the minimum 
consumption of fuel. The temperature in the combustion chamber 
ranges from 2800 to 3200° F., and in the flues surrounding the retorts 
from 1900 to 2200° F. An improved installation of horizontal retorts 



r Fig. 87.—Inclined Gas-Works Retort. 


is shown in Fig. 86, inclined 
retorts in Fig. 87, and vertical 
retorts in Fig. 88. Continuously 
operating vertical retorts are now 
being adopted extensively, in 
which the coal is fed through 
the retort in a constant stream, 
the coke being withdrawn con¬ 
tinuously at the bottom. These 
include the Woodall-Duckham 
and Glover-West types. 

Formerly the retorts were 
charged and discharged by hand, 
using a shovel and rake respect¬ 
ively. Mechanical devices are 
now used for the purpose, the 
double-ended horizontal retorts 
being charged at both ends with 
a scoop fed from an overhead 
hopper, operated either by com¬ 
pressed air or electricity. About 
600 lb. of coal are introduced 
into the double-ended retort, and 
subjected to heat from 3 to 0 
hours. The inclined and vertical 
retorts are charged through the 
top and discharged by gravity 
from the lower end. Horizontal 
retorts are discharged by a 
pneumatic or an electrical driven 
ram, which forces out the coke 
at the farther end. Inclined 


retorts are set at an angle between 26 and 35° which is sufficient to 
enable the coal to feed into the lower end, where it is held in place 
by a metal cover. In the inclined and vertical types the volatile constit¬ 
uents are withdrawn from the upper end. 

The vapore are subjected to the highest temperatures in the hori- 
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sontal retort, due to the longer contact with the heated internal surfaces, 
which results in a larger percentage of free carbon, and a tar of higher 
specific gravity. 

Methods of Recovering Gas-works Coal Tar. The volatile products 
pass from the retort into the hydraulic main (see p. 174), which forms a 
water-seal, permitting any retort to be charged, and at the same time 
preventing the gas generated in the other retorts escaping through the 



Fig. 88.—Vertical Gas-Works Retort. 


open one. The hydraulic main reduces the temperature of the vapors 
to 130 to 160° F. 

The methods for separating tar from the gaseous constituents have 
already been described on page 174. After leaving the hydraulic mailr*”* 
the vapors are subjected to the following treatment in modern gas-works: 

(1) The gases are passed through a "primary condenser” which may either be 
air-cooled or water-cooled, or both (see p. 175). 

(2) The gases are then passed through a tar-extractor, usually of the P. A A. 
type (Fig. 69). 
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(3) Next passed through an exhauster to relieve the pressure on the retorts 
and force the gases through the ensuing train of apparatus. 

(4) The gases are next passed through two “scrubbers” (p. 177), preferably 
of the rotary type illustrated in Fig 65 In the first scrubber the gases are washed 
with a heavy tar oil, such as anthracene oil, to remove the naphthalene, and in 
the second with an alkaline solution of ferrous sulphate to remove the cyanogen 

(5) The gases are then cooled to nl>out 00° F. by passing them through a 
“secondary condenser,” similar to the first one. 

(6) The ammonia is next removed by passing the gases through a third scrublier 
through which a stream of water is allowed to trickle Formerly a tower scrubljer 
filled with a checker-work of wooden l>oards (Fig 63) was used for this purjiose, 
but this is l>eing replaced b\ a rotary scrublier similar to that used for extracting 
the naphthalene and cyanogen 

(7) The last step consists in passing the gases through a series of “purifiers,” 
consisting of low cylindrical chambers filled with trays or sieves. »Some of the 
purifiers are filled with slaked lime to remove carl>on dioxide and a i>orfion of 
the sulphur comjiounds, and others with iron oxide to remove the remainder of 
the sulphur comjiounds (mostly hydrogen sulphide). 


The following percentages of tar are collected from the hydraulic* 
main, condenser, washer and scrubber, also the tar extractor resjieetively: 


Jly.lrttulic main 
Condenser 

Washer and scrubber 
Tar extractor 


01 % 

12 % 

1 . 1 % 

12 % 


Total 


100 % 


The o|ierations which take place in the final handling of illuminating gas 
before it eaters the mains, cease to lie of interest in relation to the pro¬ 
duction of tar, and will accordingly lie omitted. 

In the Cnited States, temixwntutes to which the retorts are heated vary 
from 000 to 1500° O. Between 0(M) and 1000° ('. is known as low tem¬ 
perature treatment, from l(XX) to 11(X)° ('. medium temperature, and from 
1100 to 1,300° C. high temperature treatment. In England the average 
temperature is 1100° ('. In Oermany horizontal retorts are heated 
between ltXXland 1100° and inclined retorts lietwecn IKXtand 1200° (’. 
The quantity and yield of the tar de|iend largely upon the temperature 
(see p. 108). In the low temperature production of illuminating gas, 
an average of 16 gal. of tar is produced per ton of coal, and in high 
temperature processes an average of 8. The maximum variation ranges 
between 4 and 20 gal. of tar per ton. High-temperature processes are 
preferable, as they increase the yield of gas, hut have the disadvantage of 
reducing its illuminating power. It is often necessary, therefore, to enrich 
the illuminating gas resulting from tiie high temperature processes by one 
of the following methods: 
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(1) Heating the gas with a portion of the tar recovered during 
its manufacture, either by passing both together through superheaters, 
or eisg cracking the tar alone and then mixing the resulting permanent 
gases with the low illuminating power coal gas. 

(2) Mixing the coal gas with oil gas obtained by cracking crude 
petroleum at a high temperature. (See p. 259). 

(3) Saturating the coal gas of lower illuminating power with vapors 
of volatile hydrocarbons such as benzol, etc. 

(4) Mixing the coal gas with carburetted water gas. (See p. 256.) 

The following represent the yields from an average grade of bituminous 

coal in manufacturing illuminating gas. 

Qm . 17% (10,000 cu, ft i 

Aqueous liquor. 8% 

Tar. 5% 

Cok.-. 70% 

Total. 100% 

Of course, these figures are subject to variation, and depend upon 
the quality of bituminous coal used, the tcmpcratuie at which it is dis¬ 
tilled, etc. Thus the yield of gas per ton of rich coal will vary from 
5000 to 15,000 cu. ft., ajid the residual coke from 55 to 75 per cent. 

The illuminating power of the gas depends upon the quantity of hydrocarbons 
present, including both unsnturated and saturated. The hydrogen and carbon 
monoxide act os combustible diluents, and do not contribute to the luminosity 
of the flame. The carbon dioxide, nitrogen, find oxygen may lie regarded as im¬ 
purities. The chief unsaturnted hydrocarl ions present are ethylene, butylene, acet¬ 
ylene, benzol and naphthalene, and the chief saturated hydrocarbons are inethane 
and etHane. In certain cases lienzol is extracted from the coal gas, lieing marketed 
as "gas-benzol,” which constitutes a most valuable raw material for manufacturing 
coal-tar dyes, chemicals and drugs. High-grade gas coal yields approximately \ to 
1 per cent by weight of gas-benzol, equivalent to 2-3 per cent by weight of the 
coal gas. 1 

The aqueous liquor, known as "gas liquor,” contains a series of ammonium 
compounds dissolved in water, including the sulphide, carl>onate, chloride, thio- 
ryanide, sulphate, thiosulphate and ferrocyanide. The ammonia is derived from 
.he nitrogen in the coal, only part of which is carried in the aqueous liquor. The 
ollowing table will give a general idea of the distribution of nitrogen among the 
various products of destructive distillation: 


Nitrogen in gu. 0 72% 

Nitrogen in aqueous liquor: 

Aa ammonia. U 50% 

Aa cyanide*. . .. 1 56% 

Nitrogen in Ur. 34 54% 

Nitrogen in ooko. 48 68% 


100.00% 

1 Applebee, J. 8oc. Cktm. Ind. t II, 835. 1017. 
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The tar collected from the hydraulic main, condenser, washers and 
Rcrubbers fe run into wells constructed of metal or masonry, sometimes 
heated with steam-coils (p, 1S1) and allowed to settle as long as possible, 
to permit the aqueous liquor, which is lighter than the tar, to rise to the 
surface, where it is drawn off and treated separately to recover the 
ammonium compounds. The well-settled gas-works tar carries lictween 
4 and 10 per cent of water. In exceptional cases the water may run as 
high as 40 per cent, although this is not regarded with favor. The settled 
tar is shipped direct to the distilling plant, where it, is dehydrated. 

Production of Coke-Oven Coal Tar. As stated previously, aliout 78 
per cent of the coal tar produced annually in the United States is 
obtained from coke-ovens equipped to recover by-products. This only 
represents lictween 40 and 50 per cent of the total quantity of bitumin¬ 
ous coal converted into coke, l hc remaining 50 to 60 per cent is 
coked in brick “ beehive ” ovens, constructed in the form of a beehive, 
and not adapted to recover the gas, ammonia or tar, which are allowed 
to burn away through an ojiening in the topof the oven, thus constitut¬ 
ing a reckless waste of our national resources, running into many millions 
of dollars annually. For years this wasteful practice remained unchecked, 
hut happily the present tendency is to replace the liechivc ovens with 
t,yi>es adapted to recover by-products, and it is probably only a matter 
of a few years more before all the coke-ovens will lie equipped to recover 
the gas, ammonia and tar. 

In European countries, on the other hand, where the tendency has 
always lieen towards a greater economy, coke-ovens have long liecn 
perfected to recover these by-products. In this connection it must be 
borne in mind, whereas it is absolutely necessary to remove the tar in 
manufacturing coal gas for illuminating purposes, this does not prove to 
be the case where the coal is converted into coke for metallurgical indus¬ 
tries. This, and the comparative cheapness of bituminous coal in the 
United States, also the low price commanded by the by-products until 
recently, will account for the laxity in conserving them. 

The annual output of tar from by-product coke-ovens in the United 
States is given in the following figures: 


jp 07 53,995,795 gallons 

,008 42,720,609 “ 

,009 . 60,126,006 “ 

1910 . 66,303,214 “ 

,9,1 69,410,599 “ 

!9,2 94,306,583 " 

1913 .115,145,025 - 
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1914 .109,901,315 gallons 

1915 .138,414,601 “ 

1916 (estimated).175,000,000 “ 

1917 (estimated).250,000,000 “ 

The by-product coke-ovens now used in the United States include 
the Koppers, Semet-Solvay, United-Otto, and Otto-Hoffman types. 
The 8imon-Carv6s coke-oven is used to a large extent abroad, in addi¬ 
tion to the foregoing. 1 

The temperature of coking varies between 1000 and 1200° C., and 
rarely above the latter inside the retort. The external temperature of 
the retort may run as high as 1700° C. According to White, 2 the adapta¬ 
bility of coal for coking purposes is indicated with a fair degree of cer¬ 
tainty by the ratio of hydrogen to oxygen, together with the percentage 
of fixed carbon calculated on the moisture-free basis. Practically all 
coals with an H : O ratio of 59 per cent or over, and less than 79 per cent 
of fixed carbon, possess that quality of fusion and swelling necessary 
to good coking. Bituminous coals with a ratio down to 55 will produce 
a more or less satisfactory coke but coals with a ratio as low as 50 are 
unsuitable for coking purposes. 

The present systems of by-product oven construction resolve them¬ 
selves into two types depending upon whether the flue construction is 
horizontal or vertical. In either types the coking takes place in a narrow, 
retort-shaped chamber about 33 ft. long, from 17 to 22 in. wide, and 
about 6J ft. high. The width of the chamber averages 19 ft., which has 
proven suitable for completing the coking within 24 hours. The retort 
holds between 12 and 14 tons of coal. 

The ends of the retort are closed by means of iron doors lined with 
fire brick, which after being closed as tightly as possible are luted with 
clay to prevent the entrance of air. The coal is charged into the top 
of the oven, then pushed into place and leveled by mechanical devices. 
At the end of the coking, the doors are opened and the coke removed 
by a ram, the red-hot coke being immediately quenched with water. 

The number of ovens in a battery varies between 40 and 100, depend¬ 
ing upon the type of construction. The oven walls are constructed of 
fire brick containing about 95 per cent of silica, which on account of its 
very high fusing-point enables the ovens to be worked at high tern- 


»“Coke-oven Tara of the United State*," by Prfvoat Hubbard, Circular 97, Office of Publio 
Hoada, U. 8. Dtpt, of Agr., Waah., D. C., Feb. 7, 1912; "By-product* Recovered in the Menu- 
future of Coke.” by W. H. Child*. dinar. Iron and SuH Ini., N. Y„ May 20, 1910. 

»*'Tbe Meet of Oxygen on Coal," Bulletin No. 29, Bureau of Mine*. Waah.. D. C., 1916. 
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peratures, and at the same time proves to be an excellent conductor of 
heat.* 

The coking in the by-product oven is in reality a destructive dis¬ 
tillation process, the heat required being supplied by burning a portion 
of the gases evolved. A large excess of gas is produced amounting to 
between 40 and 60 per cent of the total. 

The following is a brief description of the more important types of 
by-product coke-ovens used in the United States: 

Semet-Solvay Cokr-o cm. This is composed of a vertical retort boated on either 
side by sectional horizontal flues, in which the gases undergo combustion. The 
flues are constructed in small unite which dovetail together, and constitute the 
lining of the retort, thus providing a rapid transmission of heat through the walls. 
The gases circulate from the top downward, as illustrated in Fig. 80. The gases 



From "Coal amj Coke," by F. H. Wago«r. 

Fio. 89.—Seniet-vSolvay Coke-oven. 

for combustion are introduced into the horizontal flues alternately from opposite 
sides, and at the same time mixed with air pro-heated by regenerators located in 
the base of the oven. The illustration shows a section through a heating flue, 
including one of the regenerators (the other not being shown). The products of 
eombuation pass out through one of the regenerators into the stack. The other 
regenerator (not shown) is used for preheating the air to 1200-1400* F. After a 
time the paths of the gases are reversed, air being passed through the regenerator heated 
by the products of combustion, and vice-versa. Between 10,000 and 11,000 cu. ft 
of gas are obtained per ton of coal, likewise 20 to 2. r > lb. of ammonium sulphate, 
and 9 to 10 gal. of tar. About half the gas is used for beating the retort, and 
the balance elsewhere for heating or illuminating purposes. 

OUo-lloffman Coke-oven. This oven, at modified by Dr. F. Schneiwind, is 
illustrated in Fig. 90. The heating is effected by vertical flues on either side at 
retorts (1) which are separated by hollow walls divided into 10 combustion chambers 

i). W. Cobb, J Ktc. Chem hU„ SS, 626, 1*17. 
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(2), each containing 4 vertical flues (3). An air-chamber (4) runs lengthwise under¬ 
neath the floor of each retort passing through the openings (6) into the com¬ 
bustion flues (2). The air is pre-hcnted to 1800' F. by a pair of regenerators (7) 
operating alternately, and passed through the flue (5) into the air chamber (4). 
The gas for combustion is introduced through the pipe (10) into the combustion 
chamber (2). The products of combustion pass into the horizontal flue (9), then 
downward through the flues (not shown) corresponding to (3), but on the other 
side of the oven, through the regenerator (7), and thence into the chimney (not 



From "Coal and Coke,’* by F. H. Wanner, 
f ia. 90.-—Otto-Hoffrmiii Coke-oven. 


shown). When the temperature of the regenerator (7) used for pre-heating the 
&ir falls to 1300* F., the passage of gases is reversed. 

The following yields per ton are recovered: 


Ou. 15 0-16.0% (8,500-10.500 cu. ft.) 

Ammonium sulphate. 0 8-13% 

Tar. 3 0- 6.4% 

Coke. TO 0-75.0% 


Approximately 20 per cent of the nitrogen present in the coal is converted into 
ammonium compounds, part of which i9 found in the tar as pyridine, quinoline, 
etc. About half of the nitrogen remains in the coke, and may be regarded as lost. 

United-Otto Coke-oven. This is a modification of the Otto-Hoffman type, em¬ 
bodying the Hilgenstock principle of heating with vertical flues in conjunction with 
longitudinal regenerators (a) located underneath the retort (6), as illustrated in 
Fig. 91. The gas is introduced through one burner for each two vertical flues. 
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The heating is made uniform hy operating the burner* alternately in seta of tour 
on opposite aides of the retorts. Tims gas is introduced into the first four burners 
on the right-band side of the retort, the second four on the left, the thin) four 
on the right, and so on. 'I he products of combustion pass out at the aide opposite 



the burners, the respective paths Iwing reversed from time to time. The yields 
from the I niled-Otto oven corn's,x>nd very closely with those obtained from the 
Otto-HolTman typo. 

s Cokr-nirn. This oven is illustrated in Fig. 92, the left-hand portion 
reprewriting a section through the heating flues, and the right, a section through 
the retort. The oven is heated by a set of vertical flues in the side walls, the 



From "Cost and Coke," hy F, II. Wegner. 
Fm. 92.—Kopi»rs Coke-oven. 

heating gases and products of combustion respectively being passed through half 
the number alternately on each side and in opposite directions. The heating gas 
is admitted into a duct below the flues, and the air for combustion passes from 
the regenerator chambers directly into the vertical flues where it encounters the 
gas and undergoes combustion. The products of combustion travel upward in 
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one half of the oven and downwards in (he other half, passing through the regen¬ 
erators and thence into the chimney. Each oven is provided with two regenerators. 
The average yield in per ton of coal is as follows: 


Oh . 11,000 cu. ft. 

Ammonium sulphate. 20 lb. 

Tm . 13 4 gel. 

Coke. 72% 


Production of Blast-furnace Coal Tar. Most blast-furnaces in the United States 
employ coke as fuel and a few use anthracite coal. Since all the volatile con¬ 
stituents have been removed from coke, and as anthracite coal contains only a 
very small percentage, no tar is obtained when either of these is used for smelting 
ores in blast-furnaces. In such cases the gases evolved are subjected to a puri¬ 
fication process merely to remove the entrained dust, before using them for heating 
purposes. 

Owing to the scarcity of anthracite and the high cost of bituminous coal in 
Europe and Great Britain, there is a tendency to reduce the operating expenses 
by using the latter in its raw state, without first 
converting it into coke. A non-coking bituminous 
coal must be selected for this purpose. In such 
eases the gases emanating from the blast-furnace 
carry a certain amount of tar, derived from the 
volatile constituents of the coal, which must be 
removed before they can be used for heating or 
power purposes. The gases also carry a com¬ 
paratively large amount of dust derived from the 
ores in the blast furnace, of which a good portion 
is removed by passing the hot gases through a 
device illustrated in Fig. 93, known as a “dry 
dust catcher." The gases entering the side of 
the catcher are given a rotary motion and their 
velocity reduced, whereupon they pass out at 
the top. This permits much of the dust to 
Fio. 93. Blast-F'irnace Dust settle to the bottom, where it is emptied from 
Catcher. time to time through a “spectacle valve.” 

Other, and more complicated forms of dry 
dust catchers are also used for the purpose, but all depend upon three factors, viz.: 

(1) Changing the direction of the gas current. 

(2) Impinging the gas against solid surfaces. 

(3) Reducing the velocity of the gases. 

Method) or Recovering Blast-furnace Coal-Tar. After being dry-cleaned, the gases 
are subjected to a wet-cleaning and cooling process by passing them through any 
of the types of coolers, scrubbers, or washers described on pages 174-179. The 
centrifugal washer is usually preferred as it operates rapidly and economically. 
A part of the tar condenses in the coolers, and the balance in the scrubbers and 
washers. It carries a large quantity of the wash water, which may be separated 
by any of the means described on p. 180. 

According to Lunge 1 approximately 7 gal. of blast-furnace tar and 29 lb. of 
.WIST 1 " 11 ' 111 " sulphate an obtained from each ton of bituminous coal fed into the 
Vpoal Tar an4 Ammonia.” New York, 1916. 
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blast-furnace. It appears that the iron on and other minerals introduced with 
the coal influence the yield of tar. Thus the same bituminous coal gave the fal¬ 
lowing weights of tar per ton under varying conditions: 


Distilled alone in see works. 314 Ih. of tar 

Distilled with English iron ore. S0 lb. of Ur 

Distilled with snnd. . 170 lb. of tor 


The tar derived from blast-furnaces always carries a substantial proportion 
of mineral matter, which the dust catchers fail to remove, and which serves to 
distinguish it from the other varieties of coal tar. 

Production of Producer-gas Coal Tar. Unless the producer-gaa plant* 
are of a large capacity (above 4000 horse-power) it does not pay to 
recover the by-products. The smaller producers are designed to decom¬ 
pose the tar vapors and convert them into permanent gases, to avoid 
the expense of operating a tar-separating plant on one hand, or the 
trouble occasioned by the tar clogging the pipes and valves on the 
other. When anthracite coal or coke is used as fuel, no tarry vapors are 
produced. 

From the standpoint of tar recovery, producers may be divided into 
three classes, vis.: 

Type 1. Where the fuel travels in one direction, end the air and iteam to¬ 
gether in the opposite direction. This is usually aceompliahed by introducing the 
fuel at the top, and both the steam and air at the bottom of the producer. 

Type 2. Where the fuel, air and steam all travel in the same direction. This 
may be accomplished by introducing all three either at the top, or at the bottom 
of the producer respectively. 

Type 3. Where part of the air travels in the same direction as the fuel, and 
the balance of the air together with all the steam in the opposite direction. In 
this type the exit (or the vapors is in the centre of the producer, the fuel and 
part of the air being introduced at the top, and the steam with the balance of the 
air at the bottom. 

In all three types, four rones are distinguished, vis.: 

(а) The ash rone, which represents the fuel after all the carbonaceous material 
has been consumed. 

(б) The combustion rone, where the heat required for gasification is generated 

by the conversion of carbon into carbon dioxide. In this rone the highest tem¬ 

perature is attained (about 2100° F ). 

(c) The decomposition rone, where the inter-action takes place between the 

steam and incandescent carbon, yielding hydrogen and carbon monoxide, and where 
the carbon dioxide generated into the combustion rone combines with incandescent 
carbon and is converted into carbon monoxide. In this rone the temperature is 
in the neighborhood of 1800° F., and all the carbon is consumed. 

(d) The distillation rone, in which the raw fuel (e.g., the bituminous cool) 

undergoes partial distillation in consequence of the heat emanating from the de¬ 
composition rone (r). 
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Io type 1 the ash zone is at the bottom, and the combustion, decomposition 
and distillation zones superimposed one above the other, in the order mentioned. 
Since the vapors are drawn off at the top it follows that the tar does not suffer 
decomposition. 

In type 2 the distillation zone is at the top, the combustion zone directly beneath 
it, the decomposition zone still lower down, and the ash zone at the bottom of 
the producer. As the vapors are drawn from the bottom, the tarry matter gen¬ 
erated in the distillation zone is forced through the entire column of incandescent 
fuel, and as a result is partly “cracked” into permanent gases, and partly burned 
into carbon dioxide which in turn is converted into carbon monoxide. 

Type 3 is a combination of the other two, having two combustion zones, the 
upper part acting as a generator, and the lower as a producer. The distillation 
zone at the top is followed lower down by the first combustion zone, then the 
second combustion zone, and finally the ash zone at the bottom. The decompo¬ 
sition zone is in the centre, between the two combustion zones. In this type the 
tarry vapors evolved in the distillation zone are partly consumed by the incan¬ 
descent fuel in the combustion zone directly beneath it. This producer is also 
used for treating fuels containing a large percentage of volatile matter, including 
peat and lignite (p. 172). 

When ordinary bituminous coal is used as fuel, tarry matters are produced in 
Type 1, but not in Types 2 and 3, and the use of tar separators becomes super¬ 
fluous in the two last named. When peat (p. 201), lignite (p. 209), pyrobituminous 
shales (p. 218), and certain “highly volatile " bituminous coals are used as fuel, tar 
is generated in all three types, but to the greatest extent in Type 1, and must 
accordingly be separated from tho gases. 

A representative Type 1 producer is illustrated in Fig. 94, known as a “suction 
gas producer,” in which tho vapors are drown from tho producer by means of a 
chimney or an exhaust fan, or else by the suction induced by the piston of a 
gas engine. The interior of the producer is maintained slightly below atmospheric 
pressure. It is constructed of double metal walls (f and C') between which a 
current of air absorbs the heat radiated through the inner shell and enters the 
bottom of the producer through the pipe (D). Tho troughs (ft) between the walls 
carry water, which is converted into steam by the heat and mixes with the air 
passing through. The bottom of the producer is filled with water (6’) in which 
the ashes accumulate. The mixture of air and steam enters through the pi|« 
(//), and the combustion zone is protected with a fire-brick lining (ft). The charging 
hopper (J) is provided with a cover (ft) and a counterweighted valve (ft), con¬ 
structed so that it is impossible to open either one, unless the other is closed. 
The gas is drawn from the producer through the pipe (.1/) and passed through 
the downcomer (P) leading into the scrubber (.V). The producer and scrubber are 
connected with the purge pipe (ft) by the water-sealed three-way valve (<)) in such 
a manner that tho scrubber cannot be in communication with the purge pipe. 
The scrubber removes the tar and cools the gases, which are used for heating or 
power purposes. 

The tar is removed from the gases by one or more of the devices described on pp. 
174-179. About 90 lb. of water-free tar and 90 lb. of ammonium sulphate are recovered 
per ton of bituminous coal. The tar as shipped, after being allowed to settle, often 
contains up to 20 per cent water. 

Producers of Types 2 and 3 arc illustrated in Figs. 95 and 96 respectively. 
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The Mond by-product gas producer is practically the only one used to any 
extent in the United States for recovering the tar and ammonium sulphate, which 
accounts for the fact that the former is not marketed in commercial quantities. 

Properties of Coal Tars. As stated previously, the expression “ coal 
tar” is properly applied to tars derived directly from coal without 



Fiq. 96.—Westinghouse Gas-Producer, Type 3. 


admixture of petroleum. Coal tars differ in their physical properties 
depending upon their method of production. 1 The following types are 
distinguished: 

(1) Gas-works coal tar 

(а) From horizontal retorts 

(б) From inclined retorts 
( c) From vertical retorts 

(2) Coke-oven coal tar 

(3) Blast-furnace coal tar 

(4) Producer-gas coal tar 

1 "Producer-gas Power-plant Development in Europe,” by R. H. Fernald, Bulletin No. 4, 
Bureau of Mine*, Wash., D. C., 1911. “Coal Gas Reaiduals," by F. H. Wagner, First Edition, 
New York, 1914, "Cleaning of Blast-furnace Gases,” by F. H. W’agner, First Edition, New 
York, 1914. "Coal Tar Distillation," by Arthur R. Warnes, London, 1914. "American Coking 
Prartloe Up-to-date.” by C. S. Lomax, Oat World, M, 1620, 1916. "Gas Engines and Producers,” 
by L. 8. Marks and H. S. McDowell, Chicago, 1916. “Modern Gas Works Practice," by Alwyra 
Meade and Stanley H. Jones, London, 1916. "Coal and Coke,” by F. H. Wagner, First Edition, 
New York, 1916. ”Blast-furnace Construction in America,” by J E. Johnson, Jr, London. 1917; 
'•Operation of Gas Works," by W. M. Russell, First Edition, New York. 1917. 
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The following figures will give a general idea of the physical propertiea 
of the four main classes of coal tar in their dehydrated state: 



Gas-works 
Coal Tar. 

Coke-oven 
Coal Tar, 

Blast-furnace 
Coal Tar. 

Producer gat 
Cod Tar. 

(Test 1) 

Color in mass.. 

Mack 

Black 

Black 

Black 

(Test 2a) Homogeneity to the eye 






at room temperature , 

Fine particles 

Kino particles 

Kino particles 


(Test 26) Homogeneity under the 






microscope. 

Lumpy 

Lumpy 

Lumpy 

Lumpy 

(Tot 7) 

Sp gr. at 77° F. 

1 15-1 30 

1 KM 30 

1 15-1.30 

1.15-1.30 

(Test 8) 

Viscosity. 

Variable 

Iaiw 

I/QW 


(Test 13) 

Odor . 

Characteristic 

Characteristic 

Characteristic 


(Tot 15) 

Fusing-point. 

Below 25° F. 

Below 25* F. 

Below 25* F. 

Below 25* F. 

iTeit 16a) 

Volatile matter. . , . 

25-50% 

30 60% 

30-60% 

30-00% 

(Tot 17a) 

Flash-point . 

I.ow 

Low 

I/OW 

Low 

(Tot 19) 

Fixed enrbon . . 

15-40% 

15-40% 

5-J5% 

10-35% 

(Test 20) 

Distillation test (do- 






hydrated tar): 






Light oils (up to 






235" C ). . . 

2-3J% 

t-J|% 




Middle, heavy and . 





anthraeene mis 






(235 355° C) 

15 30% 

20 35% 




Soft pitch and loss 






(abo\c 355*0 

60-85% 

55-75% 



(Test 21a) Soluble in rarbon di- 






sulphide . . 

60-95% 

80-07% 

05 80% 

75-90% 

(Test 216) 

Non-mineral matter in- 






soluble (free earbon) 

5 40% 

3 20% 

10 25% 

10-25% 

(Test 21 r) 

Mineral matter 

0 1%, 

0 1% 

10-15% 

0-8% 

(Test 22) 

Car bene* 

0 2% 

0 2%, 

0 2% 

0-2% 

(Test 23) 

Solubiluym 88°naphtha 

20 40% 

20- 40% 

15-35% 

20 40% 

(Test 25) 

Water 

Trace 

Trace 

Trace 

Trace 

(Test 26 ) 

Carbon 


88 

93% 


(Test 27) 

Hydrogen 


4 

7% 


(Test 28) 

Sulphur 


0 1 4) 9% 


(Test 20) 

Nitrogen 


1 0-1 5% 


(Test 30) 

Oxygen 


1 0-3 0% 


(Test 31) 

Free earbon . 


(See Test 216) 


(Teat 32) 

Naphthalene. . 


3 - 

10% 


(Test 33) 

Paraffine. 


0%, 



(Test 35) 

Sulpbonation residue 

O 5% 

0 5% 

5 20% 

0-«% 

(Teat 37) 

Saponifiable 

2-5% 

2 5% 

2-6% 

2-8% 

(Test 41) 

Diaxi reaction. 

Yes 

Yes 

Ye* 

Yet 

(Test 42) 

Anthraquinone reaction 

Yea 

Ye* 

Ye* 

Yet 
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J. M. Weis* furnishes the following figures representative of typical coal tars. 1 



Gab-workh Coal Tars. 

Coke-oven Coal Tars. 


Hori¬ 

zontal 

Retorts. 

Inclined 

Retorts 

Vertical 

Retorts 

United 

Otto. 

Semet- 

Sohay 

Hoppers. 

(Teat 7) Hpecifie gravity at 00° F. 

(Teat 8a) Hperifir Engler viscosity at 

1 200 

1.238 

1.153 

1 207 

1 188 

1.186 

212° F. 

21 8 

14 9 

2 1 

3.4 

3 0 

2.1 

(Tost 20a) Distillation test (dehydrated 







tar). 

Distillate by volume to soft 







pitch of 60° C. fusing-point 
(cube method). 

13.2% 

14 3% 

28.8% 

21 2% 

21 8% 

35 3% 

Residue by volume (soft pitch 







of 60° C. fusing-point— 
cube method).... 

80.8% 

85 7% ! 

71 2% 

78 8% 

78.2% ! 

64.7% 

Refraction index of distillate 







at 00° C. 

l 5032 

1.5807 

1 5755 

1 5987 

1 0122 

1 0139 

(Test 31) Free carbon (insoluble in benzol) 

28 9% 

14 9% 

2 1% 

3 4% 

3 0% 

2 1% 

(Test 35) Hulphonation residue 

0 4% 

2 4% 

4 3% 

0 0% 

0 0%, 

0 0% 

(Test 37e) Tar acids in above distillate 

14 0% 

21.0% 

29 0% 

12 0% 

4 0% 

0 0% 


Weiss reports 1 that gas-works coal tar has a coefficient of expansion for 1° F. 
(length >1) of O.nOO27-O.0tX»2 and coke-oven roal tar O.OOft'lO-O.OOffit. 

Weiss 1 also rc[x>rts the following relationship lietween the specific gravity and 
the free carbon in gas-house and coke-oven coal fairs respectively. 



Specific Gravity 
at 00° F. 

Free Carbon 
per cent 

Gas-house coal tar. , 
Coke-oven coal tar . 

1.203-1.296 

1.178-1.258 

10 67-33 17 

4.04 19 06 


The differences lietween the tars produced at the present time may lie 
roughly expressed as follows (W. H. Childs, loc. cit); the gas-works 
coal tar derived from the old-fashioned horizontal retort is the heaviest, 
most viscous, containing a lower percentage of oils, the most pitch, and 
also the highest percentage of free carbon. Coke-oven coal tar occupies 
an intermediate position, being lighter, containing more oils, less pitch 
and less free carbon than the preceding. Gas-works coal tar derived 
from vertical retorts is lighter, less viscous, contains more oils, less pitch 

■S. Imt . Bnt . Cktm , t, 842, 1918. 

•J. Franklin Inti, 1W, 2T7, 1911, 

1 Ibid. 
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and leas free carl>on than coke-oven coal tar. The following table con¬ 
tains the analyses of tars derived from gas-works and coke-ovens: 



Hori- 

Hon- 







toiital 

tontal 

lui lined 

Vertical 

T>p* 

Type 

Type 


Retorts 

Retorts 

Retorts 

Retort* 

A 

B 

C. 


("Id). 

(newt 






tTeet 7) Specific gravity at 00° F 

1 254 

1 21H 

1 198 

1 154 

1 178 

1.173 

1.187 

(Test 8a) Lngler vn*co«ty at 212° l 








(seconds for 100 c c) 

273 

103 

89 

30 

70 

.to 

37 

(‘Icat 20a) Distillation teet (dchvdintcd 








tart 








Light oil (to 400 8 F 

2 0% 

3 3% 

4 1% 

3 jc 

5 3% 

1 8% 

1 4% 

Middle and creosote oil# 

18 7% 

21 1% 

22 1\ 

30 2 % 

20 8% 

3ft 0% 

24 0%, 

Soft pitch (including loss) 

79 3% 

75 (>•; 

73 S'; 

01 2% 

73 0' i 

03 2% 

74 11% 

(Test 2M Water 

2 h% 

5 a*;. 

a 3'; 

3 «% 

1.0% 

I 3% 

2.3%. 

(Tift 31) Free i nrlion (iimoluhle in l>cn- 








8< 1) . 

29 8‘ 

21 0% 

19 9 r ; 

3 7% 

7 0% 

4 3% 

10 4% 

(Tent 37r) Tarands tphenola.cfcnols etc) 

1 O',,’ 

2 O'; 

5 2%, 

7 2% 

ft 0% 

1 1% 

0 34 


Co'U tars may !>e recognized by the odor which is characteristic, by their high 
fpccifie gravity, large percentage of free earlion (non-mineral matter insoluble in 
carbon disulphide), aKsence of paraffine, small f»creentage of sulphonation residue, 
small jiercentage of sulphur (010 (MX)) anti by the presence of phenols (diaxo 
reaction), anthracene (unthruqumonc reaction) and naphthalene. 1 


Refining of Coal Tar. 2 Table XIX shows the approximate composi¬ 
tion of coal tar and the various products derived therefrom. 


According to (I Kramer, 1 an average sample of Kurojtcan coal tar contained 
the following: 


Brmol and its homologuo* 
Phenol and its homolognc* 
Pjndine and quinoline baae* 
Naphthalene and accnaphtlienc 
Heavy oil 

An bract-no and phenanlhn-nc 
Pitch 

Ammoniacal liquor 

Ga*e# and loan . . 


2 50% 
2 00 % 
0.25% 
0 00 % 
20 00 % 
2 00 % 
02 00 % 
4 00% 
1.25% 


Total .100 00% 

'"Naphthalene in Road Tan," by Hubbaru and Draper, Circular No 00, Office of PubUa 
Roads, U. 8. Dept of Agri , Wa*h. D. C.. Nov, 1911. 

• “Coal Tar Light Oil in tbe United State*; the Manufacture, Nature, and Use* of Product* - 
Derived Therefrom," by J. M. Wei*. 8tb Intern. Cong Applied Cbcm. 10, 287, 1912; "Coal- 
tar Producti,” by Horace C. Porter and C. G. Storm, Circular 89, Bureau of Minas, Dspt. of 
Interior, Wash., D C, 1910, "Tar and Its By-producta," by 8 R. Church, Oat Agt, SI, 497, 
1913; "Tar Distillation in the United State*, General Development and Recent Progress," by 
R. P. Perry, 8lh Intern. Cong. Applied Cbem.. IS, 233, 1918. also J. Jnd. Eng. Ck*m„ S, 101, 
1913. 

'J. Glabel. R, 226, 1891. 
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Coal tar is transported from the gas-works or coke-ovens in cylindrical 
steel tank-cars 7 to 8 ft. in diameter and 28 tc 30 ft. long holding about 
10,000 gal., provided with a dome on top and heating coils inside for 
the introduction of steam in cold weather to reduce the fluidity. It is 
transported by water in tank-vessels constructed similarly to those used for 
petroleum, holding up to 300,000 gal. At the distilling plant the tar 
is generally stored in covered vertical cylindrical steel tanks larger in 
diameter than height, having a capacity up to 2 million gallons. A 
certain amount of water separates out during storage which is tapped 
through [ict-coeks in the side. less often the tar is stored in rectan¬ 
gular reinforced concrete tanks built underground. 

A preliminary insight may be obtained regarding the constitution 
and probable value of coal tar by subjecting if to a laliomtory distillation 
test (see test 20, p. 521), according to which it is separated into live frac¬ 
tions and a residue of pitch. These fractions are distinguished as follows: 


Water, etc. 

Lillht oil . 

Middle oil. . 

Heavy oil \ . 
Anthracene oil. f 
Remdiie (foul-tar pitch) 


American Prat tier 
Up to 110° C 
110-170° C 
170 235° C 

235-XV) 0 C 
Atom* 355° C 


European Practice. 
Up to 110° C. 
110 170° C. 
170-230° C 
( 230-270° C. 

\ 270 350° C. 

A bote 350° C. 


This test, is often used by the Stillman as a basis for arriving at the 
volume of the respective fractions to lie separated in the works dis¬ 
tillation. 

The crude tar is first, dehydrated by one of the methods described 
on p. 180. The method generally used in the United States consists 
in heating the tar in thin layers under partial vacuum. The tar is allowed 
to flow continuously over heated steam plates in a closed cylindrical 
vessel as described in method 5, p. 182, and which reduces the water to 
less than 0.5 per cent. From the dehydrator, the hot, tar is pumped 
directly into the still. 

The form of still used in the United States consists of a horizontal 
cylinder with convex ends heated directly either by coal or gas, con¬ 
structed to hold as much as 75 tons of tar. A typical still is illustrated 
in Fig. 97. The tar enters through a pipe into the top of the still, 
and the va;>ors are drawn off through another pipe of large diameter 
attached directly to the top of the still, at the centre. The stills .are 
not usually provided with domes as is the ease with petroleum stills. 
The outlet pipe for the pitch is located at the 1 nit tom, together with 
inlet pipes for steam or air agitation. Sometimes vacuum is used to 
reduce the time of distillation. The stills are mounted on a brick 





Products Derived eromccvvl 
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<'i.tir!«i*v of The lUrrttt Cornpait) 
Flo 07 Horizontal Still for ltcfinmn ('mil 'far. 


setting pirniiled with a lire mrli to iiisinc iiiiifnrni heating, mid proloiifc 
tin* iife of tin* IkiI loin. Tlic process I- mi iiitrniiittfiil ono. Aflor 


I Ik- I nr has Iron < li.-t illt-<l to the 
desired filsiiiK-|Minil or consistency 

tin 1 * Ill re-nlnc of piloh if di'chargcd 
by gravity, pumping or blowing 
out with air. 

Ill l\mo|X', tar Mills an* con- 
slruotod in the form of a " |x>l 
or vortical still having a oonoavo 
Iml tom, as illustrated in l-'ijs. OS. 
wlioii' 1 represents the manhole. 
2, safety-valve connection: 2, swan 
neck; I, swan neck stool; a, dipping 
tap; f>, steam inlet; 7, steam pipe; 
8, tar inlet; 11, tar outlet. The 
concave Ixiltom is claimed to have 
the advantages of providing a larger 
heating surface, also to assist in 
draining off the pitch and to accom¬ 
modate the expansion and contrac- 



From T»r Distillation," by A. R. Wsrnss, 
Fio. 98.—Vertical Still for Refining 
Coal Tar. 
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tion of the metal plates without setting up dangerous strains. Steam 
is introduced during the process of distillation through a perforated pipe 
(9-10) at the l>ottom and serves; to carry off the vapors more rapidly, 
also reduce the time of distillation. English stills hold 20 to 40 tons of 
tar, and are mounted on suitable brick settings adapted for direct 
heating with coal or producer gas. 

The vapors leave the still through a large pipe connected with the 
condenser coils immersed in water in a rectangular tank. These coils 
are constructed of pi|>es ranging from 6 in. down to 3 in. in diameter. 
The distillate is run into small measuring tanks which in turn empy 
into large storage hanks. Each fraction is caught separately, four fractions 
all told being recovered, viz.: light oil or crude naphtha, middle or car- 
l>olic oil, heavy or creosote oil and anthracene oil. 

On starting the distillation, the light oil or crude naphtha boils over, 
comprising the entire distillate lighter than water. When the vapor 
temperature reaches a!x>ut 200 ° ('. the receiver is changed, and the next 
runnings constituting the middle or carbolic oil are caught separately. The 
light oil fraction varies from less than 1 per cent , to 3 or 4 per cent. It 
is redistilled and fractioned into solvent naphtha and heavy naphtha, 
also small amounts of crude benzol, toluol, phenol and cresols. 

The middle or cartmlic oil co nes over next, amounting to 5 to 15 
per cent. As the temperature increases, naphthalene crystallizes out in 
the distillate, and to prevent it choking the condensing coils, the cooling 
water is shut off. It is cut at such a point to include most of the tar 
acids and naphthalene, and is cooled to remove the naphthalene and 
sold as a disinfectant. The tar acids may also be extracted with caustic 
soda and lilx>rated by sulphuric acid or carbon dioxide. The phenol con¬ 
tent of tar seldom exceeds J per cent, and naphthalene recovered from this 
and the succeeding fractions will range from 5 to 7 per cent. 

As the temperature increases, the heavy or dead or creosote oil iioils 
over. This may represent the entire fraction between the middle oil 
and the end of the distillation, in which event it will constitute 15 to 35 
per cent of the tar, or it may be cut sooner and the anthracene oil caught 
separately. In either event the distillation is assisted by introducing 
live steam. The distillate is cooled to remove any naphthalene, and 
the cresols extracted in the same manner as phenol. The anthracene oil 
is treated to separate pure anthracene, amounting to 0.2 per cent of the 
tar, which constitutes the source of alizarin used in manufacturing coal- 
tar dyes. 

When the distillation is completed the pitch remains as a residue 
in the still, amounting to 50 to 80 per cent of the tar, and varying from a 
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viscous to a hard and brittle product, depending u|»on the quantity of 
distillate removed. It is allowed to run or puni|>ed into a cooler consist¬ 
ing of a rectangular (8X8X8 ft.) or cylindrical vessel, and allowed to 
remain until the temperature falls to 250 to 300° R, whereupon it is run 
into barrels. Rich still is provided with two or more coolers, so aa not 
to delay removing the pitch. 

1 he stdlman is guided in separating the various fractions by the 
volutins recovered, calculated from the |>ercentages re|X>rted by the 
lalsjratory distillation test. 

\ariotis types of stills adapted to the continuous distillation of tar, 
hare recently attracted attention. Among them the Kubierschky system 1 
is claimed to give good results. 'I he tar is sprayed into the still, and at 
the same time a current of au|ierheated steam ini reduced from Mow 
con es in direct contact with the tar. The distillation progresses in stages 
in a seriei; of connecting chambers, from each of which a different fraction 
is recovered, the pitch residue being drawn off at the liottom. It is 
claimed that it is unnecessary to first dehydrate the tar, also that the 
steam consumption is comparatively small. 

One of the most promising systems, from a scientific sl,inil|Kiint, for sops rating 
coal tar into its various fractions, was devised l,v Walt her belli,’ liy which tho 



Utr viqiors are fractioneil directly as they come from the gas-retorts or coke-ovens, 
'the principle involved is exactly the reverse of the foregoing methods In the 
held -vsteni, the hot tar va[Kirs are separated into various fractions liy a system 
of selective axihng, whereas in the other methods the eoal tar is progressively 
hintnl to successively inereasi ig tem|ierature and each fraction condensed as it 
Mi|wrizes. One of the main advantages claimed for tho bchl system is the saving 
of fuel, since it utilizes the heal extant in the hot tar va[Kirs and ohviates reheating. 

A rough outline of the Feld condensing system is illustrated in Fig. 99. The 
hot vapors coming from the retorts of ovens are passed through a series of Feld 
centrifugal scrubbers (see p. 177) in each one of which the washing liquid constitutes 

I J Co, Lighting, IK, 448. 1(115 

Uaa Rrp|tlu»l«," by F. II. W*fner. N. Y. 1U14. 
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a portion of the condensate recovered in the next succeeding washer, and has 
therefore, a lower boiling-point than the fraction to be separated. Altogether 11 
centrifugal washers are proposed. The vapors coming from the hydraulic main at 
a temperature of 200° C. are introduced into washer No. 1, and washed with a 
carefully regulated quantity of “heavy oils" obtained from washer No. 2 (pre¬ 
viously brought to a temperature of 160° C.) to reduce the temperature of the 
vapors in washer No. 1 to 160° C. This effects a separation of the constituents 
boiling above 320-350° C. (i.e., the pitch) from those of lower boiling-points (“dew 
points”). The reduction in temperature of the hot vapors may be accounted for 
partly by the low temperature of the circulating liquid and partly because of its 
vaporisation and consequent absorption of heat. 

The vapors now at a temperature of 160° C. are passed into washer No. 2, 
through which sufficient “middle oils” obtained from washer No. 3 (at a tem¬ 
perature of 80° C.) are circulated to reduce the temperature of the vapors in washer 
No. 2 to 80° C., and thus bring about a condensation of the constituents boiling 
between 230 and 320° C,, known ns the “heavy oils.” 

Similarly, washer No. 3 removes the middle oils by circulating a quantity of 
the oil condensed in washer No. 4 (at a temperature of 60° C,), which serves 
to reduce the temperature of the vapors to 60° C. 

A detailed plan of operation is indicated in Table XX: 


tabu: XX 


Waahrr 

No. 

Circulating Liquid. 

Temp of ( 
Circulating 
Liquid, ' 

Deg C. 

Temperature 
of Vapors 
Hoduml, 
Deg C. 

Constituent* Separated 
from the Vapors. 

Boiling- 
Point of 
Condensate 
Deg C. 

1 

Warmed heavy oils from 

180 

From To 
200 100 

Pitch 


a 

No. 2, 

Warmod middle nils from 

80 

160 80 

Heavy oil (anthracene 

320 350 
230-320 

3 

No. 3. 

Warmed oils from No. 4 

00 

80 

00 

oil) 

Middle oil (creosote oil) 

170-230 

4 

Water. 

40 

60 

40 

Oils and water 


A 

Cooled heavy oils from 

40 

40 1 

I.ight oil 

Below 170 

6 

No. 2. 

Water. 


I 40 


Ammonia and hydrogen 
sulphide 

Ammonia and hydrogen 
sulphide 

Cyanogen 


7 

Water. 

36 

38 36 


8 

Water . 

34 

36 

34 


0 

Water. 

18 

34 

18 

Naphthalone 

Benaol 


10 

Cooled light oil* from 

18 

18 


11 

No, 8. 

Benaol from No, 10. 

18 

18 

Benaol 



It is claimed that the vapors thus treated produce a gas of greater illuminating 
power than one which has been purified in the usual manner, also that the method 
is adpeted equally well for treating gas-house or coke-oven products. It has also 
been used apparently with some success abroad for the fractional separation of 
the tarty vapors obtained on destructively distilling Bohemian lignite (browncoal) 
but has not come into uso in this country. The yield of pitch from the Feld 
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proem is lower than that obtained from the ordinary method, end the yield of 
the more valuable oils correspondingly increased. In one ease a bituminous ooel 
yielding 35 per cent of pitch by the ordinary method produced 7J to 12 per cent 
by the Feld process. 

Properties of Coal-tar Pitches. The extent to which the distillation 
or condensation is continued in any of the foregoing methods deter¬ 
mines the character and nature of the residue. If the light oil and part 
of the middle oil arc distilled off, there remains a product varying in 
consistency from a thin to a more or less viscous liquid, known as 
“ refined coal tar ” or “ distilled coal tar.” Its physical properties are 
intermediate between the crude tars and the pitches. These tars are 
used for road binders (see p. 357) or for saturating purposes (sec p. 395) 
Coal-tar pitch suitable for saturating roofing felt is prepared by dis¬ 
tilling a charge until the residue tests between 80 and 120 at 40° F. by 
the Shutte penetrometer (test 8 e). If the distillation is continued to 
the desired point, then the residue is known as “straight-run coal-tar 
pitch.” On the other hand, if the distillation is carried to a point 
where the residue is harder and more infusible than desired, and is there¬ 
upon fluxed to the desired consistency and fusing-point cither with cer¬ 
tain fractions of the distillate or a flux of foreign origin—usually of little 
value commercially—or with other tars, then the pitch is known as 
“ cut-back coal-tar pitch." 

Prepared tar suitable for road treatment may be manufactured by 
selecting suitable crude or dehydrated tars, combining them in the still 
and running to the proper consistency. Another plan consists in run¬ 
ning a single tar to pitch, adding a suitable quantity of dehydrated or 
distilled tar, and agitating with air introduced through a perforated pipe. 

Coal-tar pitches have been arbitrarily classified as follows: “ soft 
pitch,” having a fusing-point between 90 and 120° F. (cube method) 
used principally for road binders and sometimes for waterproofing work 
(sec p. 442); “medium pitch," having a fusing-point between 120 and 
160° F. (cube method), used for constructing " pitch and felt roofs' 
(see p. 444), for waterproofing work (see p. 443), for filling joints in 
stone pavements (see p. 382) and for manufacturing paints (see p. 462); 
“ hard pitch,” having a fusing-point between 160 and 210° F.(cube method), 
used principally for briquetting purposes (sec p. 454); “ very hard pitch ” 
having a fusing-point above 210° F. and rarely exceeding 266° F., 1 used 
as binders for sand cores in forming castings of iron and steel, also for 
manufacturing electric light carbons, battery carbons, plastic compositions 
for insulating purposes and black “ clay pigeons ” for target shooting. 

' It la poaalble to ptapata ooaMar pttcfca fiataf aa Usb aa MS* F., but tbaaa ai» aaaiaaiv avar 

•QOOUDttttd. 
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J. M. Weiss reports 1 that the specific gravity of coal-tar pitch varies from 
1.200-1.290 at a fusing-point of 100° F. (cube method) to 1.250-1.350 at a 
fusing-point of 190-200° F. (cube method). 


Coal-tar pitches show the following ranges: 



Gas-works 

Coal-tar 

Pitch 

Coke-oven 

Coal-tar 

Pitch. 

Blast-furnace 

Coal-tar 

Pitch. 

Producer-gas 

Coal-tar 

Pitch. 

(Teat 1) 

Color iu mass. . 

Black 

Black 

Black 

Black 

{Twit 2a) 

Homogeneity at 77° F 

Variable 

\ nrinblc 

Variable 

Vnriablo 

(Tent 2a) 

Homogeneity under microscope 

Carlton vis- 

Carbon vis- 

Carbon vis- 

Carbon vis- 



ihie 

ible 

ible 

ible 

(Test 2A) 

Homogeneity when melted 

Uniform 

Uniform 

Uniform 

Uniform 

(Test 3) 

Appearance surface on aging . 

Unchanged 

Unchanged 

Unchanged 

Unchanged 

(Test 4) 

Fracture . 

Conchoidal 

Conchoidal 

Conchoidal 

Conehoidal 

(Test 6) 

Lustre 

Variable 

Variable 

Variable 

Variable 

(Test U) 

Streak 

Black 

Black 

Black 

Black 

(Test 7) 

Sp gr at 77° F 

i i;> i 40 

1 20 1 36 

1 20 1 30 

1 20 1 36 

(Test Oc) 

Hurdneiw at 77° F 

10 100 

10 100 

10-100 

10-100 

(Test (Id) 

Susceptibility factor 

> 100 

> KM) 

> 100 

i> 100 

(Test 106) 

Ductility at 77° F 

Variable 

Variable 

Variable 

\'ariable 

(Test 13) 

<h|or on heating 

Penetrating odor ehurueteiristir of all coal-tar pitches 

(Test 14a) 

Hehavmr on heating 

Passes rapidly from the sol.d into the IkiumI state 

(Test 15a) 

Fusing-point (K and .S method) 

SO 300° r. 

NO 3<M)° F 

NO 3oo° K 

80 300° F. 

(Test 166) 

Fusing-point (Cube method) 

1)0 346° F 

t)0 346° F 

00 346° F 

00 346° F 

(Test 10) 

Volatile matter, .'KM) 0 F , 1 hrs 

3 20*; 

3 20S', 

3 20'; 

3- 20% 

(Test 17a) 

Flash-point 

260 4.60° K 

260 460° P 

260 160° F 

260 460° F 

(Test IN) 

Burning-point 

300 600° r 

300 600° F 

300 600° F 

300 600° F 

(Test 10) 

Fixes! onrhon 

30 46',' 

20-45%. 

10 30';. 

20 46"; 

(Test 21a) 

Soluble hi rnrhon disulphide • 

66 00';, 

00 N6*; 

60 76';. 

00 86% 

(Test 216) 

Nnn-imncri.l matter insoluble 

io 16 *;, 

16 40*;. 

16 36"; 

16 40%, 

(Test 21 r) 

Mineral matter 

o i'; 

t) 1',' 

10 20',', 

o 2'; 

(Test 22) 

Curlicues 

2 10';, 

2 io*;, 

2 10','. 

2 10%, 

(Test 23) 

Soluble in 8N° naphtha 

io 30"; | 

HI 39' 

6 2- r ‘", 

10 30%. 

(Test 24) 

.Soluble in other solvents. 

Coal-tar pilches are largely 

soluble in carbon disulphide, 



benxol, coal-tar distillates, 

carbon tetrachloride, chloro- 



form, and i 

glacial acetic . 

a< id They are only partly 



soluble in [H'lroleutn distillates, turpentine, gram or 



j wood alcohol 



(Test 2fl) 

Carbon* . 


00 

06"; 


(Test 27) 

Hydrogen . . 


3 



(Teat 28) 

Sulphur 


0 6 

1 0"; 


(Test 20) 

Nitrogen 


0 2 

1 2% 


(Test 30) 

Oxygen 



2 o'; 


(Test 32) 

.Naphthalene. ,.. 





(Teat 33) 

Paruffino 


o o';. 


(Teat 3.1) 

Sul phonal ion residue . 

0 6% | 

o- 6 r ; ; 

6 20'; I 

0 5% 

(Test 37) 

Saponifiable constituents. . . 

Tr 1', 

Tr-|i; 1 

Tr l f ; 1 

Tr-1% 







(Trat 41) 

Diaso reaction . 


o o'; 


(Test 42) 

Anthra<|uinonc reaction 


Yes 

Yes 




• For Ibr oltimato analysis of coal-tar pitches refer to Dotmth and Aaticl, CAcm. Ret. Frit- 
11 art-1 ad., IS, 64, 1903; alao C. R, Downs, J. tad. i'n B CAcm, 4, 200, 1914. 

' J. lad. Eat. CAcm., *, 841, 1916. 
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Church and Weitw examined representative specimens of coal-tar pitches, 1 with 
the following results, in which A represent* gas-works coal-tar pitch obtained from 
horizontal retorts, It gas-works coal-tar pitch from inclined retort*, V gas-works 
coal-tar pitch from vertical retort*, I) Otto-HofTinnn coke-oven coal-tar pitch, E 
SemeUSolvey coke-oven coal-tar pitch, and F Scotch blast-furnace coal-tar pitch: 



I 

H 

V 

1) 

R 

F 

-_-,- . 

~ 


— . 


- - — 

- 

(Teat 7) Sp K r nt 00° F 

1 .til 

1 2S 

1 19 

1 2 ft 

1 2ft 

1 23 

(Twit 96) iiartlm-M at ll. r »° F (ftu 
K f«r 5 h ) 

Tim soft 

Too » ft 

l*o.i noft 

Too x«»h 

Too wift 

324 

Ilardtimi nt 77° F «!4M 
g for ft a) 

HanlnoKa at . 2° F (200 

Ml 

40 

44 

4. 

:m 

41 

K for 90 « ) 

(Text IV) FiiKin|t-|H>inl (ml*- 

2 

2 

2 

3 

2 

8 

n»ft li.xi > 

12ft® F 

121° F 

12ft° 1 

I2(i° F 

120® F. 

13ft* F 

(Tint !9) Fiiitl cnrlmii 

41 ft', 

37 O', 

10 V, 

2* ft', 

2M 2'i 

14 4' 

(Text 21a) Sol m carbon diHiilpInd. 
(Text 216) Non-mineral runt hr hi- 

04 9', 

ti7 s*, 

S9 ft', 

79 9\ 

s 2 ft', 

ftH 2' 

aolulili- 

34 9', 

32 O'; 

10 .V , 

19 7', 

17 4', 

30 0' 

(Ti't 2h) Mini ml ninth r 

0 2', 

0 2', 

O 2', 

0 4', 

or, 

11 8' 

(Ti-st 22) f'lirlK’iiox 

(r«at .id in**<>i111.I*, hi in ntot -itui 

3 .V, 

2 S', 

.!•. 

7 r, 

ft w, 

2 O' 

toluol ifr< «• i hiIhuiI 

31 9\ 

30 S', 

k te ; 

2i r, 

IS 

28 4‘ 


A sample repre-enting a wcll-advert iscd brand of straight-run gas-works coal-tar 


pitch was 

tested by the author with 

the following rcMilts. 


(Tl .HI 

7) 

Specific icriiMtv at 

77* F 


1 2ft 

(TobI 

9.i) 

<'oi»x latency at lift 

0 F 


ft 0 



fotiHiHh in v at 77° 

F 


24 7 



fnnaixh no at 32® 

F 


> 150 

cr.>t 


Suw« |jtil,iln\ facto 

r 


> 100 

(Tint 

106) 

Durtilily at lift® !■ 



3ft 



I),ictilit\ ut 77® F 



7ft 5 

(Tl Ht 

9./) 

Ductility nt 32® F 



0 

(Tint 

ID 

Tcnailc atrength nt 

lift* F 


0.15 



Tcnailc xtrciiRth at 

77° F 


4 65 



Tonmli* MtrciiKtli at 

32* F 


8 6 

(Tint 

Ifta) 

Fuaing-pomt (K and H nu 

•t I,.*)! 

122* F. 

(Tint 

l«) 

Volatile matt.r, ftOO® F in 

♦ hr- 

8 2 % 

(Tint 

I7.i) 

Flaah-iioint 



300° F 


The consistency, tensile strength (multiplied by 10) and ductility curves are 
shown in Fig. 100. 

Coal-tar pitches are characterized as follows: 2 

(1) Jet. black streak on porcelain. 

(2) Carlionaceous matter clearly visible under microscope. 

(3) Comparatively high specific gravity. 

1 Proc. Am. Soc Testing Material II, 274, Pan II, 1015. 

* “Chemiachi* ZiiaammornwtninK und CnleratirhiJtiK Her natOrluhen uml kOnatlirlien Asphalt*,” 
J MamiBHon, ('hem. Rtr Fett-Hari-Ind , 19, 1*0, 1912. “Narhwow von Naluraaphalt unrl Krddlprcli 
in Itui kalatidcu der SlcinkohlcDtitnlralillnlion," F. Srh«arti, Chtm. Ret. Fcit-Hari-tnd , 99, 28, 1013. 
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(4) High susceptibility factor. This means that they are largely 
influenced by changes in temperature, becoming brittle in winter, and 
softening under extreme summer heat. 

(5) High ductility when tested at temperatures ranging between the 
solid and fluid states. 

(0) Characteristic odor on heating. 

(7) Pass rapidly from the solid to the fluid state. 

(8) Comparatively high percentage of volatile constituents when 
heated at 500° F. for 4 hours. 
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Flu. 100.—Chart of Physical Characteristics of Coal-tar Pitch. 


(9) Comparatively high percentage of fixed carbon. 

(10) Comparatively high percentage of non-mineral matter insoluble 
in carbon disulphide (“ free carbon”). 

(11) Comparative insolubility in petroleum naphtha. 

(12) Comparatively small percentage of sulphur. 

(13) Presence of naphthalene. 

(14) Absence of paraffine. 

(15) Comparatively small percentage of sulphonation residue. 

(16) Give both the diazo and anthraquinone reactions. 
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Coal-tar pitches are remarkably resistant to the disintegrative action 
of water, and are therefore well adapted for snli-soil waterproofing. They 
are more weather resistant than wood-tar pitch, rosin pitch, lignite-tar 
pitch, shale-tar pitch and bonc-tar pitch, but are inferior to caiefully 
prepared residual asphalts obtained from petroleum, blown petroleiun 
asphalts, wurtzilite asphalt, fatty-acid pitches and pure native asphalts 
containing approximately the same percentage of volatile matter (see 
p. 341). 

Attempts have been made to blow coal-tar pitches by the same process used 
for treating petroleum asphalts (p. 2X7). Samples tested by the author showed 
a slight lowering of specific gravity, a decrease in the hardness for a given fusing- 
point, a decrease in the susceptibility factor (ie., the material was leas nflerted 
by changes in temperature) and no appreciable change in the ductility. Hlown 
coal-tar pitches have not been marketed in commercial quantities, nevertheless they 
warrant further development 

Specimens of blown coal-tar pitches examined by the writer showed the following 
results: 



A 

B 

C 

l Test 7) Specific *r*wty at 77“ F 

1 184 

1 1D4 

1 202 

(Tout i*r> Consistency at lift 0 K 

1 OK 

4 31 

ft 94 

Consistency at 77° F 

10 0 

57 5 

06 9 

Consistency at 32® F 

>100 

>100 

>100 

(lest 9<() Susceptibility factor 

> 80 

> 70 

> 00 

(Test 10M Ductility at 11S® F 

ftt 

100 

92 

Ductility at 77® F 

100 

0 2ft 

0 0 

Ductility at 32® F 

0 0 

0 0 

0 0 

(Test 11) Tensile strength at 113* F 

0 1 

0 9 

1 4 

Tensile strength at 77’ F 

2 1 

8 0 

8 ft 

Tensile strength at 32® F 

.1 ft 

fl ft 

7 ft • 

(Test Din) Fusing-point (K am! F method) 

II2® F 

136° F 

141° F. 



CHAPTER XVIII 


WATER-GAS AND OIL-GAS TARS AND PITCHES 

Water-o.as tar, oil-gas tar and their corresponding pitches are not 
classified with “ coal tar ” and “coal-tar pitch,” as they are inter¬ 
mediate in their properties between the latter and petroleum asphalts on 
account of the petroleum products used in their manufacture. They are 
accordingly included in a separate chapter. 

Water-gas Tar. The mechanism of this process has already been briefly 
described on page 172. A modern water-gas plant having a capacity of 
1> to million cubic feet of gas per day is illustrated in Fig. 101. This 



Generator Carbureter Super/-.- t. , Scrubber Condenser 


Fiu. 101.—Lowe Wu tor-gas Plant. 

is known as the I-owe type of apparatus. Either anthracite coal or coke 
may be used as fuel. The former should preferably show less than 7 per 
rent volatile on ignition, not more than 12 per cent ash having a high fusing 
point to avoid “ elinkcring,” also small percentages of moisture and sulphur. 
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The fuel is charged into tlie generator and allowed to undergo partial 
combustion by admitting a limited amount of primary air through the 
pipe A below the l>od of fuel. The gases then pass downward through the 
carbureter and the combustion almost completed by means of a care¬ 
fully regulated supply of secondary air introduced through the valve H. 
From the carbureter the products pass upward through the superheater, 
where the temperature may lie controlled bv admitting a tertiary supply 
of air through the valve and the products of combustion finally passed 
into the atmosphere through the stack I). 

When the fuel in the gas-generator has been properly ignited, and 
the carbureter and su|>erhcator brought to the required temperatures, the 
air blasts are cut off in the sequence: H, and A, and the stack valve D 

dosed. Steam is introduced into the generator through the valve K lielow 
the bed of incandescent fuel and results in the production of " blue-gas,” 
according to the following reaction: <' + ll-O-CO4 Hj. This is passed 
into the carbureter where it mingles with a spray of caibureting oil kown 
as "gas oil" introduced through F ’I he mixture is passed downward 
through the carbureter whereby the oil becomes vaporized. From the 
carbureter, the gases are passed up through the superheater, the tempera¬ 
ture of which is very carefully regulated at 1200 1.100° F. to crack the 
oil vapors into permanent gases, and (Ins incidentally results in the for¬ 
mation of tarry mat ten. 

The formation of carlam monoxide and hydrogen by the action of 
steam on incandescent fuel results in a lowering of the temperature on 
account of the absorption or storing up of thermal energy, so that it 
lieeomos necessary to turn off the steam and reintroduce the air. The 
“ blowing up " process is thus rc|>eatod. At the same time the oil spray 
is turned off the carbureter, as its teni|ierature has fallen to a point Mow 
which the oil would not be superheated sufficiently to convert it into a 
permanent gas. 

The supplies of air, steam and oil are carefully metered and the tem¬ 
peratures controlled by electric pyrometers within 20 to 40° (*. The 
'• blowing ” or ” up run " lasts three to five minutes, and the 'gas making" 
or “ down run ” lasts two to four minutes. 

The water-gas and accompanying tarry vapors derived from the gas 
oil are passed from the superheater through the pipe <7 into a wash-box 
which corresponds to the hydraulic main in a coal-gas plant. The vapori¬ 
zation of water in the wash-lmx reduces the temperature of the gases from 
1200 to 190° F. The gases next pass upward through a scrubber filled 
with shelves carrying a checker-work of wooden slats (Fig. 63) over whieh 
water is allowed to trickle- From the scrubber the vapors are passed 
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downward through a water-cooled condenser (Fig. 60) whirh reduces 
their temperature to 140 150" F., and tlienee into a relief gas-holder. 
Most of the tar is condensed in the wash-lxix and smaller quantities in 
the scrublxir and condenser. An exhauster draws the gases through the 
foregoing train of aparatus and then forces them through a tar extractor, 
usually of the 1’. & A. type (Fig. 69), to remove the last traces of tar. 
The temperature of the gases as they pass through the tar extractor is 
in'thc neighborhood of 110 to 115° F. They are finally passed through 
the purifier hill'd with trays of ferric oxide to remove the sulphur com¬ 
pounds, ai d thence into the main gas holder. 

The carbureting oil, known also as “ gas oil " or “ enriching oil ” 
varies in composition depending upon the character of the petroleum 
from which it is derived. Kxperiencc demonstrates that oils obtained from 
a paraffine base petroleum generate the greatest proportion of gas and the 
smallest quantity of tar. Oils containing unsaturated straight-chain 
hydroenrlxms are less efficient, and those containing unsnturated ring 
hydrocarlxms are almost valueless. The yield of tar (expressed in ]» r- 
centagc by volume, based on the various types of |X‘trolcum used, is as 
follows: , 


Parfifflnf biw* naphtha 2 4% 

Paraffine bast 1 jjaw oil 6 j ()«' 

Paraffino bawo rrutl** oil s 12'J 

Awplmltir hawc gaw oil ,, 10 j.y ' 

Awiihaltir haw rrudi* oil 12 1S% 


The effect of the temperature on the decomposition of an asphaltic 
petroleum is shown in the following table: 


TempiTHf nr*-, 

Cii Ft (law 

Tar. 

1 

»«•« r 

pur (Ini Oil 

Pit (Vnt 

Pit (Vnt 

71! 

4 

2M 0 

1 M3 

741 

oi :» 

20 4 

2 43 

7M 

fill 7 

20 2 

3 63 

7H0 

68 0 

24 2 

3 4.1 

M32 

mo :t 

"» 

12 43 

-- _ _- 



_ _ _ 


The quantity of carbureting oil ordinarily used varies from 3,5 to 4.5 
gal. per ton of anthracite coal. 

Water-gas tar on account of its low specific gravity forms an emulsion 
with the associated water and separates with great difficulty. The water 
is practically free from ammonia compounds, thus differing from coal tar, 
and the tar is very much thinner in consistency, containing but a small 
amount of free carbon. The methods for dehydrating crude water-gas 
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tar have Ismn described (pp. ISO lsli), and the dehydrated wuter-gaa 


tar complies 

with the following tests: 




(T«at 

i) 

Color III HIRSH 


fllark 


(Test 

2o) 

Homogeneity to tin- 


l'inform 


(Teat 

26) 

Homogeneity urdrr mirruirnpi* 


Almenri' of carbonaceous 





matter 


(Tcrt 

7) 

Spwifir grn-ity a* //* F 


1 0.1 1 |A 


(Teat 

H) 

ViaCV*lt> 


\»n Inpnd 


(Th* 

n> 

( klnr on lien ting 


Characteristic "gas-like” 

(Tint 

Ifw) 

Ku-niig-point <K ami S method) 


1 chm than 0" to 10° K 

(Tm 

no 

Volatile matter at MX) 0 F , 1 lira 


<>o k.v, 


(Tim 

17o) 

Hnah-point 


I n» 


(Tost 

H» 

Fund carbon 


10 2o r ; 


(Tim 

20) 

DiHtillation 






I’p to 110° C (Naphtha) 

0 

!i r i b) weight 

(Sp gr 0 HA 0 DO) 



110 170° C (1 ight oiln) 

o : 

0 r , 

(Spgr 0 KN 0 IN)) 



170 2.1V 1 C (Mi.hlle nils) 

:> 

.T.'i', 

(Sp gi 0 ON 1 00) 



2.'1.% 270° C 11. ma v mis. 

7 

.10*, 

(Sp gr 1 00 1 07) 



27o .l. f O" C (Anthracene oil) 

HI 

2.v; 

(Spgr 1 07 1 10) 



!(• .nine (V\ at* r-gti'.-iar pH 

l«h) 20 

Ml*. 


(T.st 

21a) 

Foluhiltlv Hi < tiihon <li*M)|p|ii<|e 


Oh 100'” 


(Test 

21 hi 

Noii-tt.ini nil matter m soluble 


« 2Vv 


<T. -r 

21 r) 

Mineral luntf.r 


o i 


(T.-t 

22) 

('nrhem * 


o 2% 


(r* n 

JV 

Solubility in KS U nnphthn 


20 7 :>% 


<T. -r 

2f>) 

( nrhori 


‘.Ml o.V;. 


(Tint 

27) 

Hydrogen 


3 


< r. it 

2M 

Sulphur 


o r> 2 o% 

: T. hi 

-w 

Nitrogen 


o :> i ««*; 


<T. st 

.«)) 

<»*>gen 


i r\ 


(list 

.12) 

N.iphthnli in* 


1,.HH than 10% 

rr.Ht 

:u» 

I’nrtilliiii 


o .v, 


< T. Ht 

:»:.) 

Siilpboniitmn n •odtie 


o i:.*; 


( r.*» 

:i7) 

hoi 1 fill hh constituents 


'1 r 2*; 


rr.Ht 

41) 

1 >nun rojM tn n 


\.H 


(Tint 

42) 

Anthrmpiinoiic n n< non 


^(H ll.iss than 0 r ,"',) 


Woks ro|K>rts 1 that untcr-gn.s for lues a coefficient of expansion for 1° R (length 
=- 1) of 0O.OtNKJX According to Downs anti Dean,* water-git* tar contain* 
sulwtantuil amounts of lienzenc, toluene, xylenes, naphthalene anti anthracene The 
nitrogenous bases and phenols are absent or nearly m> Weiss reports further that 
the jiereentage of free earlton varies from ! 0-1 to I 0S7 |K*r cent, with water-gas 
tans ranging in sfieeific gravity from 1 07H I 0D0 1 

Oil-gas Tars. These are manufactured from petroleum alone without, 
the use of coal or coke. Several methods have been used, all cmlsslying 
the same principle hut differing in detail, the most important of which 
arc as follows: 

Pintxch (Jan. This is manufactured hy spraying petroleum in a closed 
retort constructed of iron or fire clay and heated to a temperature of 900 
to 1000° C. hy combustion of oil, gas oc tar underneath. The shape of 

<J Frmkhn /»* ITS. 277. 1911 

:j l„.< Enu rkr m. I. IIW, lllll. »l»» I. .KW. mu. 

tj FratiUtn /««/, 171, 277, Hill. 
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the retort is shown in Fig. 102. The vapors pass to the rear and thence 
downward and through a lower chamber into the hydraulic main in front. 
The gases are passed successively through a scrubber, condenser and 
purifier. 

Recently a modified form of apparatus has been used for manufactur¬ 
ing Pintsch gas under a high pressure, consisting of a heavy steel con¬ 
tainer filled with a checker-work of brick. The checker-work is first 
heated to a high temperature by introducing steam and air. Sometimes 
the resulting tar is used instead of the oil during the heating-run. When 
the prnjjer degree of heat is obtained the air is shut off and oil with a small 
amount of steam is sprayed in under pressure. The main advantage 
resulting from the use of pressure is the greater yield of gas. 




Pintsch gas is used extensively for railroad and buov lighting. It 
may be stored in holders under a pressure of 5 to 25 atmospheres, without 
suffering in illuminating power as would prove to be the case with most 
other gases adapted for lighting purposes. 

About 10 per cent tar is recovered in the Pintsch process, the charac¬ 
teristics of which will lie described under the heading " oil-gas tar ” below. 

Oil-water Oas. This process is used almost exclusively on the Pacific 
coast for manufacturing illuminating gas, owing to the absence of coal 
deposits.' 

The installation is shown diagranunatically in Fig. 103. The generator 
and superheater are filled with checker-works of brick. Assuming that 

1 "The Development of Oil-gas in California,” free. Am. Gas Inst., 4, 413, 1909. 
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the temperature of (he brick work has been previously brought (o (he proper 
temperature for igniting petroleum vapors, the stack valve A is opened 
and valve li closed. For the first three minutes air (at a pressure of 7 
to 9 in.) and steam (at a pressure of 35 lb.) are admitted through the 
valves (' and I) respectively at the top of the generator to start the run. 
At the end of the three minutes, petroleum heated to 150° F. is introduced 
through D (at a pressure of S lb.), and the heating continued for nine 
minutes. Then air is turned off at (', valve li opened, and valve A closed 
in the sequence named. Oil and steam are then introduced through the 
valves li and A’, and allowed to continue eight minutes, whereupon the 
oil is shut olT, and steam alone blown through the generator and super¬ 
heater for two minutes to purge the apparatus of oil vapors. From the 
wash-box, the vapors are passed through scrubbers filled with a checker- 
work of wooden slats as shown in Fig. 03. 

The top of the superheater acts as a reservoir to store heat. The take¬ 
off valve li is at the centre, because experience has shown that if the oil 
vapors were allowed to traverse the entire su|>erhcntcr during the gas¬ 
making |>eriod, the illuminants would be decomposed into methane, 
hydrogen and lampblack. The heat is controlled by the two sots of burn¬ 
ers /land li. If the checker-work becomes overheated, more oil is intro¬ 
duced, and conversely if the tcuqierHturc falls too low, less oil is used. 
If the temperature of the apparatus is too high, lampblack will separate 
out in the wadi-box, while if it is too low an excessive quantity of tar 
will be produced. The tar is very similar to l’intsch-gas tar in its physical 
and chemical properties. During the gas-making period, the oil is kept 
at a pressure of 20 lb. in the generator and 25 lb. in the superheater. 

It requires about S to K) gal. of crude oil per 1000 sq.ft, of gas, of which 
about one-fifth is required for heating and four-fifths for gas-making. 

lilnii (Ins. This is a further development of l’intsch gas, and is 
made by cracking oil vapors at a temperature lower than in the Pintsch 
process (i.e. 550 to 000° ('.), but in a similar form of retort. The resulting 
gases are first purified by passing in the usual manner through hydraulic 
mains, coolers, cleaners and scrubbers to remove the tar, which amounts 
to t fi per cent of the oil used, and then compressed in a three- or four- 
stage compressor to 100 atmospheres, which causes the high lioiling-point 
constituents to liquefy and absorb a large proportion of the non-lique- 
fiablc gases. The excess of the latter is used for running the compressor 
and heating the retorts. 

The compressed Blau gas is so constituted that upon releasing the 
pressure, the dissolved and liquefied constituents are evolved in such pro¬ 
portions that the composition of the gAseous mixture remains constant. 
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Blau gas is used principally for marine lighting purposes and transported 
in cylinders of about 1 cu.ft. capacity, carrying 20 lb. of the compressed 
gas, which will expand to about 250 cu.ft. at atmospheric pressure. Its 
illuminating value is greater than that of Pintsch gas. 

The tar recovered from the Blau gas process is similar in its physical 
and chemical properties to the oil-gas tars described previously. 1 

Properties of Oil-gas Tars. Dehydrated oil-gas tars produced by the 
Pintsch process, the oil-water gas process and the Blau gas process comply 
with the following characteristics: 


(Teat 1) 

Color hi limes . . 

Black 

(Test 2a) 

Homogeneity to the eye 

Uniform 

(Test 26) 

Homogeneity under the microscope 

... Comparatively free 
from carbonareou 
matter 

(Test 7) 

Specific gravity at 77° F . . 

. 0 95-1 10 

(Teat 8) 

Viscosity 

Moderate 

(Test 9c) 

Consistency at 77° F. 

0 

(Test 13) 

Odor on heating 

Like water-gas tar 

(Test 15a) 

Fusing-point (K. and S. method) 

<0°-20° F 

(Test 16) 

Volatile matter at 500° F , in 4 hrs 

35-70% 

(Test 17a) 

Flash-point 

Low 

(Test 19) 

Fixed carbon 

10- 25% 

(Teat 21a) 

Soluble in carbon disulphide . . 

98-100% 

(Test 216) 

Non-niincrul matter insoluble 

0- 2% 

(Test 21c) 

Mineral matter 

0 1% 

(Test 22) 

Carbenes 

0- 2% 

(Test 23) 

Solubility in 88° naphtha 

50 85% 

(Test 28) 

Sulphur 

<1% 

(Test 30) 

Oxygen 

1 2% 

(Test 32) 

Naphthalene 

Trace 

(Test 33) 

Paraffine 

0 5% 

(Tost 35) 

Hulphonation residue 

20 40% 

(Test 37) 

Saponifiable constituents 

Trace 

(Test 41) 

Diaxo reaction 

Yes 

(Test 42) 

Anthraquinone reaction 

Yes 


When asphaltic petroleums are used to produce oil-gas tar, paraffine 
will be absent, but when noil-asphaltic or mixed-base petroleums are used, 
it will be present in quantities not exceeding 5 per cent. 

Water-gas anil oil-gas tars are distinguished from coal-tars by the following. 

(1) Absence of associated ammonium compounds in the aqueous liquor. 

(2) I/)wer specific gravity. 

(3) Smaller percentage of “free carljon” (non-mineral matter insoluble in car- 
l>on disulphide). 

(4) Larger proportion soluble in carbon disulphide. 

(5) Presence of paraffine wax when mixed-base or non-aaphal f ic petroleums have 
been used. 

*"BUu Om: A New Cm for Illuminating, Heating, and Power Purpoaea," by William Hallock, 
J. Soe. Ch*m. Ind , it, MO, 1908; "The Manufacture and Uae of Blau Gaa," by Hugo Lieber, 
Mri Ck*m., ««««. IS. IAS, 1914. 
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(6) A substantial proportion of sulphonation residua, which considered in con* 
ncction with the small percentage of mineral nutter distinguishes them from blast¬ 
furnace tars 

Oil-ga* tar may t>e distinguished from water-gas tar hy the following: 

(It Oil-gas tar us a rule has a lower sperifir gravity. 

(2) Water-gas tar yields a smaller percentage of sulphonation residue. 


Refining of Water-gas and Oil-gas Tars. Oil-gas and water- 

gas tars when suitably dehydrated may be distilled in accordance with 
the methods used for “coal tar" (p. 240). Sometimes the watcr-gau-tar 
pitch or oil-gas-tar pitch is mixed with coal-tar pilch in suitable propor¬ 
tions. 

Properties of Water-gas-tar Pitch and Oil-gas-tar Pitch. Water-gas- 
tar-pitch and oil-gas-tar pitch comply with the following tests: 




Wall r-ya*-t<iT 

Otf-vas-Ojr 




1‘Uch. 

( J • Nt I) 

Color in limns 

Black 

Black 

1 1. Hi 2<i) 

lloinOKeiHity to the e>e 

r inform 

I’niform 

. 1 . Ht 26) 

Homogeneity under the imcroecope 

Small amount of caritou visible 

1-st i) 

Aged surface 

\ ariable 

Variable 

'ItHt -1) 

Fracture 

Conchoiflal 

Coneholdal 

i r.-t r,\ 

Fust re 

Blight 

Bright 

■ r. wt 

Streak 

Black 

Black 

-|.Ht 71 

Specific gravity at 77° F 

1 10 1 20 

1 15 1 30 

i 1 . Ht <161 

Consist* nr> at 7 7 ° h 

10 100 

10-100 

i r. nt ».»</> 

Susceptibility factor 

> lOt) 

>100 

IcMt 10) 

Ductility 

Variable 

Variable 

i r <hi id 

Tensile strength at 77° F 

\ ariable 

Variable 

iTist 13) 

Odor on heating 

Characteristic 

Characteristic 

Tent Ho) 

Behavior on melting 

Pass rapidly from solid to liquid state 

iTr-rtt 15«l) 

Fusing-point (K anil S method) 

SO 27 5° ¥ 

80 275° K 

( I*.-nt 156) 

Fusing-point (H ami it method) 

100 3(H) 0 F 

100 300° F 

( IWt I.V) 

Fusing-pomf (ciiIh* method) 

110 320° F 

110 320° F. 

(Tint Hi) 

Volatile matter 500° F . 4 hra 

5 15% 

5-15% 

(Tent l7n) 

Flash-point 

300 400° F 

300 400* F. 

(T<«t 19) 

Fixed carbon 

25 40% 

20 30% 

(Teat 21a) 

Solubility in carbon disulphide 

85 98% 

85 98% 

(Test 215) 

.Von-mmeral matter insoluble 

2 15% 

2 15% 

(Test 21c) 

Mineral matter 

0- 1% 

o- i% 

(Tent 22) 

C arbene* 

2 15% 

2 20% 

(T.-nt 23) 

S dubility in 88° naphtha 

50 80% 

85-85% 

(Tent 28) 

Sulphur 

<»% 

<4% 

(Teat 30) 

Oxygen 

o- 2% 

0 2% 

(Test 33) 

Paraffine 

0- 8% 

0- 6% 

(Teat 35) 

Sulphonation reaidue 

0 18% 

20-40% 

'Teat 37) 

Saponifiable matter . ... 

0- 1% 

u- 1% 

(Teat 41) 

Diaxo reaction 

Yea 

Yea 

(Teat 42) 

Anthraqumone reaction 

Yes 

Yea 





264 


ASPHALTS AND ALLIED SUBSTANCES 


Representative samples of water-gas-tar pitch and oil-gas-tar pitch tested by 
the author gave the following results: 



W ater-ga*-tar 
Pitch. 

Oit-<ja»’tar 

Pitch 

(Teat 3) Appearance surface aged 1 week . 

Bright 

Bright 

(Test 7) .Specific gravity at 77° F . 

1 18 

1 20 

(Tent 96) Penetration at 115° F (50 g , ft sec )., . 

235 

166 

Penetration at 77° F (1 <)0 g , 5 sec ) 

20 

6 

Penetration at 32° F (200 g., (K) arc.) 

2 

1 

(Teat 9c) Consistency at lift 0 F 

1 0 

2 7 

Consistency at 77° F . 

20 2 

28 0 

Consistency at 32° F 

>100 

>100 

(Tcrt dd) .Susceptibility factor 

>1(10 

>100 

(Teat 106) Ductility at lift 0 F . 

50 

05 

Ductility at 77° F 

8ft 

44 

Ductility at 32° F 

0 

o 

(Test 11) Tensile strength at 115° F . 

0 2 

0 4 

Tensile strength at 77° F 

4 0 

7 5 

Tensile strength at 32° F 

7 2 

6 0 

(Test lft«) Fusing-point (K and H method) 

102° F 

12H(° F. 

(Test 156) Fusing-point (B and It method) 

l«l° F 

149'* F 

(Teat 15c) Fusing-point (cube method) 

nr f 

159J 0 F. 

(Teat Ifi) Volatile matter 500° F , 4 hrs 

10 2 c o 

7 8% 

(Teat 17a) Flash-point 

328° F 

305° F. 

(Teat 19) Fixed carbon 

27 7% 

25 1% 

(Test 21a) Soluble in carbon disulphide 

97 :r; 

87 8% 

(Teat 216) Non-mineral matter insoluble 

2 ft'’; 

11 8% 

(Teat 21c) Mineral matter 

0 2«o 

* 0 4% 

(Teat 22) Carbenes 

9 2% 

4 7% 

(Test 35) Sulphonation residue 

8 2% 

30 7% 

(Teat 37) Saponifiable matter 

0 2% 

0 7% 


Water-gas-tar and oil-gas-tar pitches may l>e distinguished from coal-tar pitches l»v: 

(0 The small percentage of "free carbon” (non-mineral matter insoluble in 
carbon disulphide) 

(2) The possible presence of ptr.tffine wax (when non-asphaltic or mixed-base 
petroleums are used). 

On the other hand, water-gas-tar pitch may be distinguished from oil-gas-tar 
pitch by the following: 

(1) Lower specific gravity of water-gas-tar pitch. 

(2) Larger percentage of sulphonation residue from oil-gas-tar pitch. 

Both of these pitches are largely susceptible to changes in tem|>erature, they 
are highly resistant to the prolonged action of moisture, and are adapted for man¬ 
ufacturing low-priced solvent paints because of their ready solubility in "coal-tar 
naphtha." 




CHAPTER XIX 

PETROLEUM ASPHALTS 

VARIETIES OF PETROLEUM 


" Pktholki m asphalts" urc obtained from |>ctrolrums by distillation, 
blowing with air at elevated temperatures, and in tin- relining of certain 
distillates with sulphuric acid, Tiles' methods will lie described in 
greater detail later. 

Petroleum as it occurs in different parts of the world, varies 
widely in composition. Certain varieties are eom|Hised of o|>cn chain 
hydrocarl Kins (p. HO), others are made up exclusively of cyclic hydro- 
earixms (p. .ft), and still others occur showing every possible gradation 
between these two extremes. Numerous classifications have lieen pro- 
posed, based on its chemical eouiposition in general, or the presence of a 
substantial proportion of characteristic Isslies, such as the paraffine scries 
of hydrocarlHins, the naphthene series, sulphur derivatives, nitrogenous 
bodies, lienzols, terpenes, etc, 1 

From the standpoint of the mini hydrocarbons present, petroleums 
. ay be divided into three groups, viz.: 

(1) Hearing a substantial quantity of solid paraffines. 

(2) Hearing a substantial proportion of asphaltic Ixxlies. 

id) Of mixed composition, liearing Isith solid paraffines and asphaltic 
bodies. 

'I he solid paraffines are usually associated with open chain hydro¬ 
carbons, and the asphaltic tiodies with the cyclic hydrocarbons. The 
two extreme types of petroleum, and the innumerable intermediate groups 
are represented empirically as follows: 


Extreme Types 

Composed of open-chain hydro- 
carlions. 

Presence of solid paraffines. 
Absence of asphalt (i.e., “non- 

asph >lt‘r ”1 

Sulphur and nitrogenous bodies 
may or may not be present. 


Intermediate 

Types 


"Mixed Hose 
Petroleums ” 


Extreme Types 

ComfHwed of cyclic (aromatic) 
hydrocarltons. 

Aljwncc of solid paraffines. 

Presence of asphalt (i.e., “a*- 
phiiltie") 

Sulphur and nitrogenous bodies 
generally present. 


1 Tor a detailed ron*:d«ration of this complex subject. the reader is referred to the excellent 
works of C Englrr and H. v. H6fer, C. F. Mibery. K. W. Chantachkoff, N. A. Kwjatkuwsky, 
M. A. Rakuato, etc. 
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Open chain hydrocarbons predominate in the petroleums produced in 
the Appalachian field (Pennsylvania, New York, southeastern Ohio, 
West Virginia, Kentucky and Tennessee), the Lima-Indiana field (em¬ 
bracing western Ohio and Indiana), the Canadian and the Alaskan oil 
fields. These are non-asphaltic, and generally carry solid paraffines. 

Both open-chain and cyclic hydrocarbons arc present in the petroleums 
produced in the Illinois, the Mid-continental (extending over Kansas, 
Oklahoma, northern Texas and northern Louisiana in the neighborhood 
of Caddo and De Soto) and in the Mexican oil fields. These are representa¬ 
tive of the mixed-base petroleums, and carry both asphalt and the solid 
paraffines. 

Cyclic hydrocarbons predominate in petroleums produced in the (iulf 
field (including southern Texas and southern Louisiana), the California 
field and the Trinidad field. These are representative of the asphaltic 
petroleums, and are usually free from solid paraffines. 

The following refineries producing petroleum asphalts were reported 
operative in the United States during 1916: 


California: 

Illinois: 

Indiana: 

Louisiana. 

Maryland: 
Missouri 
Now Jersey 
Now York: 
Ohio: 

Pennsylvania: 

Texas: 


16 refineries utilizing California erude oil 
3 refineries utilizing Illinois oil 
1 refinery utilizing Kansus and Oklahoma oils 
1 refinery utilizing Oklahoma and Kansas crudes 

1 refinery utilizing Texas crude 

2 refineries utilizing Mexican crude 

3 refineries utilizing Mexican crude 

1 refinery utilizing Oklahoma and Kansas crudes 

2 rcfiiicncH utilizing Mexican crude 
1 refinery utilizing Mexican crude 

1 refinery utilizing Mexican and Illinois crudes 

1 refinery utilizing Mexican crude 

3 refineries utilizing Texas crude 

2 refineries utilizing Texas and Mexican crudes 
1 refinery utilizing Mexican crude cxclusitelv. 


PRODUCTS OBTAINED PROM PETROLEUM 

There is great, confusion in the nomenclature of the products derived 
from the distillation and refining of petroleum. Many terms have lreen 
suggested, both scientific and proprietary, but no standard system of 
terminology has been adopted for the purpose, much as it would be 
welcomed by the industry. 

In general, petroleum distillates are classified into seven groups, and 
the residual products into six. Each group is designated by various names, 
in some cases depending upon the use to which the material is to be put, 
in others, upon its physical characteristics, and in still others by fanciful 
terms having no special significance. ■ These will be considered in greater 
detail. 
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Distillates 

(1) Gasoline. The best practice restricts the use of the word “gasoline" to 
light petroleum distillates suitable for gasification in a vuporifcr, as for example, 
in a gas machine, gasoline torch, gasoline stove, automobile carburetor, etc. The 
term gasoline has been variously referred to by the following expressions: 

Petroleum Ether. Th's is sometimes applied to products ranging in specific 
gravity from 0.090-0.700 (108-70° Baume), occasionally termed cymogene (108-00* 
Baume, equivalent to 0.590-0.6.%), eanadoJ (85-70* Bttunrf, equivalent to 0.650 0.700), 
rhigolene (103° Baume, equivalent to 0.600) or Sherwood oil (boiling between 40 
and 70° 0). These expressions are randy used. 

Pttroleum Spirit*. A term rarely applied to products ranging in specific gravity 
from 0 679 0.745 (76 58° Baume). 

Light Pttroleum. A term infrequently applied to distillates varying in specific 
gravity from 0.642 0.729 (88 62° Bauin<). 

Ligroin A name indiscriminately applied abroad to the lower boiling-point 
fractions; synonymous with “petrol" or “light j>etroleuin”; used to designate 
gasoline for ojm? rating automobile motors. 

(2) Naphtha. The terms “gasoline” and “naphtha" are generally used syn¬ 
onymously, but the l*est practice restricts the word “naphtha" to light petroleum 
products used as solvents, as for example bv varnish and paint makers, soap makers, 
cleaners, etc., fractioned after the gasoline and before the kerosene. The lollowing 
terms have also been employed to designate this product: 

Benzine or Benzoline. These are used to a limited extent synonymously for 
naphtha. 

“ V. SI. S’ P. Naphtha.'' This is an abbreviation for “varnish makers and 
paint naphtha," and is used to designate* a solvent suitable for manufacturing 
varnishes and paints. 

Turpentine Substitute. A closely fractioned distillate between naphtha and kero¬ 
sene, having a fairly high flash-jaunt (Udwecn SO and 105° F., open eu|> test). 

Cleaning (hi. A low iKuling-jioint najihtlm used for “dry cleaning” jmrjioflcs. 

Notk. Naphthas arc distinguished by their sjienfie gravity, expressed in degrees 
Baum''; thus 62° naphtha refers to a product having a gravity of 62° Baume 4 
(sp. gr 0.729), etc. 

(3) Kerosene. This term is applied to the distillate frac tioned after the “naphtha” 
and licfore the “gas or fuel oil," suitable for burning in lamps or stoves by means 
of u wick, either for illuminating or heating purj>oses. Kerosenes are distinguished 
by their gravity expressed in degrees Baume, by their fire test (temperature at 
which the vapors ignite), or by their color (thus, “W. W." or “water-white” 
kerosene is colorless, “prime-white" has a straw color, “standard-white” a pale 
yellow color, etc.). The following terms have liecn used synonymously for kerosene, 
viz.: illuminating oil, lamp oil, burning oil, stove oil, coal oil, carlion oil, white 
oil, head-light oil, signal oil, engine distillate, etc. 

(4) Gas or Fuel Oil. These expressions, also sometimes designated “intermediate 
oils," or “middlings," ire applied to the distillate obtained lietween “kerosene" 
and “lubricating oil.” They usually have a high boiling-point (000-4150° F.) and 
a low gravity (30-42° Baumf*). This distillate is termed “gas oil” when it is 
used for enriching illuminating gas (p. 231) or for manufacturing carbureted 
water gas (p. 250), and it is called “fuel oil” when uaed for power or heating 
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purposes (viz., for firing steam boilers, locomotives, heating retorts, smelting, etc.). 
“Fuel oil" is sometimes referred to under the names “power distillate/’ “orchard 
oil/' or “smudge oil” (i.e., when burnt in orchards to keep away frost). 

(5) Lubricating Oil. This distils over after the “gas or fuel oil.” In the 
case of paraffine-bearing petroleums, paraffine wax is separated from the lubricating 
oil by cooling and filtering. Lubricating oil has been exploited under various 
fanciful names, likewise appellations indicative of the use for which it is intended, 
including the following: neutral oil, spindle o.il, cylinder oil, mineral sj>erm oil, 
mineral seal oil, mineral colza oil, paraffine oil, straw oil, machine oil, engine oil, 
gas-engine oil, automobile oil, compressor oil, ice-machine oil, dynamo oil, harvester 
oil, cream-separator oil, transformer oil, floor oil, etc. 

Lubricating oils are designated by their viscosity (in terms of the Say bolt A 
viscosimeter), their sjiecific gravity (degrees Baumo), and flash-point. For certain 
purposes they must withstand low temf>cratures without solidification, and for 
others, high temperatures without carixmization or appreciable loss of volatile con¬ 
stituents. 

(6) Paraffine Wax. This is derived from pnrnffine-ljearing petroleums, being 
separated from the lubricating oil and paraffine distillates by crystallization at low 
temperatures and filter-pressing. It is distinguished by its color and melting-point. 
The terms “paraffine scale” and “scale wax” are generally applied to the low 
melting-point variety, and “refined paraffine wax” to the harder variety. Its 
melting-point varies from 100-135° F. (see p. 307). 

(7) Wax Tailings. This represents the fraction obtained in the dry distillation 
of petroleums, and recovered immediately prior to coking. It is peculiar in its 
properties and generally free from paraffine wax (sec p. 310) 


Residues 

The following represent the various classes of residual products obtained in dis¬ 
tilling {ictroleums: 

(1) Residual Oil. 'Phis term is applied to the residue obtained from the 
dry distillation of paraffinc-liearing petroleum, the steam or the dry distillation of 
mixed-base petroleums, and the steam distillation of asphalt-l>earing petroleum. It 
is characterized by being liquid or scini-liquid at room temperatures. The following 
terms are used synonymously with residual oil, viz.: asphaltum oil, liquid asphalt, 
black oil, flux oil, {letroleum tailings and sometimes also fuel oil. When it is derived 
from paraffinaceous petroleum it is sometimes called “paraffine flux.” 

Note. Road Oil and Dust-faffing Oil , are terms applied to the residual asphalts of 
liquid to semi-liquid consistency used for laying particles of dust on roads, includ¬ 
ing also the harder residual asphalts rendered liquid by dissolving in “gas or 
fuel oil,” the solvent lieing supposed to evuporate slowly, in time leaving the 
dust particles covered with an adherent film. 

(2) Residual Asphalt. This is applied to the residues obtained from the steam 
or dry distillation of mixed petroleums and the steam distillation of asphalt-bearing 
petroleum. It is characterized by being semi-solid to solid at room temperature. 

Note. Road-binder. This term is applied to residual asphalt distilled to the 
proper consistency, or mixtures of residual asphalt with blown asphalt. These 
are not supposed to evaporate and are used for binding road-making materials 
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together. The term is used synonymously with “carpeting medium” and “seal- 
coating material.” 

(3) Blown Asphalt. A term used to designate the products obtained by blow¬ 
ing air through residual oils at elevated tein|>emtures (see p. 287). This term 
is used synonymously with “oxidized asphalt,” “oxygenized asphalt,” and “con¬ 
densed asphalt.” 

(4) Sulphurized Asphalt. This term is applied to the product obtained by 
heating residual oil or residual asphalt with sulphur at a high teiniierature. 
This name is also used synonymously with “Dubbs asphalt,” “Pittsburgh flux,” 
or “Ventura flux.” 

(5) Sludge Asphalt. This term is applied to the asphalt-like product separated 
from the acid sludge produced in the refining of fjetroleum distillates with sul¬ 
phuric acid. (See p 303.) It is also known under the names “acid asphalt” 
and “acid-sludge asphalt.” 

(6) Coke. This is the residue produced in the dry distillation of non-asphultic 
or mixed-base petroleums (see p 282). 

In addition to the foregoing, the following product is obtained by treating petro- 
leum in a sjiecial way: 

Petrolatum. This name is applied to a product obtained by diluting crude 
paraffinaccous |>etroleum with naphtha and then subjecting the mixture to a low 
temperature, when a residue settles out, which is drawn off and distilled until the 
naphtha is removed, whereupon it is decolorized by filtering through fuller’s earth. 
It is likewise known under the names vaseline, |>elrolcutii jelly, liquid paraffine, etc. 


DEHYDRATION OF PETROLEUM 

Nearly all crude petroleums carry more or less water, some being 
entrained mechanically, and in other cases held in a state of emulsion. 
Before the ix*troleum can be distilled, the water must be separated. 
The following methods are used for the purpose: 

(1) Kittling. This method is similar to that descrilied under taro on p. 181, 
and is only of value when the water is not emulsified with the oil. The oil in 
maintained at 100-150° F, with steam coils at the Iwjttom of the tank to incrcaso 
its fluidity and promote the water settling. 

(2) Heating under Pressure. 'Phis method has given good results with certain 
viscous California petroleums (especially those obtained from the Coulinga district), 
in which the water is partly entrained mechanically, and partly carried in a state 
of emulsion. The method consists in passing the oil through coils of pipe heated 
in a furnace to 2.50-300° F. under pressure. 1 2 l’|>on releasing the oil at atmospheric 
pressure in an air-cooled tow'er 18 ft. high and about 16 in. in diameter, the 
globules of water are converted into steam and this with the light oils, are led 
from the top into a water-cooled condenser, where the oils are recovered. The 
residual oil is drawn off at the !x>ttom. The plant is illustrated in Fig. 104. 
Another alternative consists in heating the petroleum under pressure in a closed 


‘Hardison, Tram. Am Inst. Mining Eng., ft, 637, 1015, 
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receptacle to allow the water and impurities to settle out, and then permitting 
it to cool quietly.' 

(3) Milliff HoUair System. Air heated to 1000’ F. is blown through a per¬ 
forated pipe into a tank carrying the cold oil. This converts the water into steam 
and vaporizes a small quantity of light oils which are recovered by passing the 
vapors through a condenser. 



From "The American Petroleum Industry,” by Paeon and Hamor, 
Flo. 104.—Plant for Dehydrating Petroleum. 

(4) ElectnaU Method This has been perfected by Cottrell, and is similar to 
Method 7 described under " Tar” on p. 180, consisting in subjecting the crude petro- 
eum to a current of 10,000 to 1.1,000 volts. 


METHODS OF REFINING PETROLEUM 

The dehydrated petroleum is separated into various commercial 
products by fractional distillation - (see p. 200). The process may be 
intermittent or continuous. Both systems are in vogue, and each will 
be considered separately. 

Intermittent Distillation Processes. Petroleum may be distilled inter¬ 
mittently in either horizontal or vertical stills. Horizontal stills are set 
in brick walls which may be carried up on all four sides so that tile still 
is completely enclosed, or else the ends may be allowed to project free. 
In the usual form, cast-iron lugs arc riveted to the sides and allowed to rest 
on the brick work. In another form, metal loops are riveted to the top of 
the still, to engage hooks supported by “ I ” beams resting directly on the 

t U 8 Pat. 890,762 of Jun 16. 1008 to J. A. Dubba. 

* “American Petroleum Industry,” by Bacon and Hamor; "The Manufacture of Petroleum 
Product*,” by F. O. Robinson, \frl. Chttn. Eng, it, 389, 1913; "Das Erddl,” by Englor-Hofer, 
loc cit. 
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brick walls or on metal columns outside of the setting. The walls are 
usually carried up half-way, the ends and upper portion of the still lieing 
covered with some non-conduetive material to prevent radiation and 
loss of heat. 

Heating is effected by means of gas, oil or coal, depending upon which 
may be procured cheapest locally. Cm or oil is introduced through 
specially constructed burners, and coal is burnt on a simple form of grate. 
The stills may be fired either at the ends or the'sides, the latter giving a 
more uniform distribution of heat. Modern stills arc made large enough 
to carry 1000 to 1500 barrels (of 42 gal. each). The diameter varies 



from 10 to 15 ft., and the length from 40 to 50 ft. Two forms of an 
800- to 900-barrcl still are shown in Figs. 1054 and 105/1, the former being 
equipped with a dome and the latter without. 

A vertical still of greater diameter than height with a dome-shaped 
top and a concave bottom was formerly used extensively in this country. 
It is popular abroad, and is occasionally encountered in the United States, 
but is rapidly going out of use (some are used in the Kansas and Pennsyl¬ 
vania oil fields, 16 ft. in diameter and 10 ft. high, mounted over a series 
of arches). 

The vapors from the still (A) are led to the condenser, consisting of 
coils of pipe (M) surrounded with water in the tank (/,). The con¬ 
densate is conveyed through “ running lines ” (O) to the “ tail house ” (A') 
where the lines are provided with “ look-boxes ” (P) so the operator may 
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ascertain the gravity ami observe the appearance of the distillate. From 
the look-boxes the lines connect with a manifold (Q) to deflect the 
"stream” into any desired receiving tank. The installation is illustrated 
diagrammatically in Fig. 106. The fuel is burnt on the grate (E), the 
hot gases passing over the fire-arch ((') into the flue (D). The ash-box 
is represented by (B), the pipe for introducing steam by (G), and the 
pipe for drawing off the residual by (//). 

The intermittent distillation may be carried on either with or without 
the use of steam. When steam is employed, the process is known as 
“ steam distillation,” otherwise it is termed “ dry distillation.” 

(1) Dry Distillation. This is sometimes termed the “ straight ” or 
“ destructive ” or “ cracking ” process, by means of which a certain 



Kin. 100.—I’loiit for Refilling I’d rolcum. 


proportion of the higher boiling-point constituents decompose or break 
down, forming correspondingly larger yields of the low boiling-point 
constituents. The dry distillation process is accordingly used when 
the distiller wishes to produce the maximum amount of gasoline and illu¬ 
minating oil, or in cases where the crud.‘ is unfit for manufacturing lubri¬ 
cating oil. Non-asphaltic petroleums are ordinarily treated by this method 
on account of the high price commanded by their low boiling-point dis¬ 
tillates. In this process the complex molecules are broken down into 
simpler ones upon subjecting them to a prolonged heating at tenqieraturos 
at which they arc unstable. 

(2) Steam Distillation. This is also termed the “ fractional ’’ dis¬ 
tillation process and consists in introducing dry steam, termed " bottom 
steam ” into the still, which assists in the vaporization of the volatile 
constituents and minimizes decomposition of the distillate and residue. 
Its action is based on the physical law that the boiling-point of a pair of 
non-miscible or slightly miscible liquids is lower than that of cither pure 
component. The introduction of steam, therefore, serves to materially 
lower the boiling-point of the petroleum, and produces the maximum yield 
of heavy lubricating oils, It also tends to economize in fuel, and to shorten 
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the distillation process. The steam upon being dried by passing through a 
trap is introduced through perforated pi|H‘s at the bottom of the still, only 
when the temperature of the contents exceeds the boiling-point of water. 

Sometimes a partial vacuum is used in conjunction with steam to 
still further reduce the tendency towards cracking, thus increasing both 
the quantity and quality of the distillates, and reducing the duration of 
the process. This is based on the well-known phyaieui law whereby the 
boiling-point of a liquid decreases with a reduction in atmospheric pressure. 


1 



From “Tho Amcrioan Petroleum Imltmtry," l»y Bacon ami II amor, 
Fk;. 107 - -Tower Sysfoni for Distilling IVlroloum. 

Another modification consists in interposing a series of air-cooled 
“ towers ” between the still and the condenser. These act as dephlegma- 
tors, and result in a sharp separation of the various fractions, since the 
condensation which takes place in the towers washes the ascending vapors 
and purifies them. The vapors are conducted from the bottom of one 
tower to the top of the next, and so on, and separated into as many 
fractions as there are towers. This obviates the necessity of redistilling 
the fractions. The tower system is illustrated in Fig. 107. 

Continuous Distillation Processes. The continuous process was first 
perfected in Russia and is now being used very largely in the United 
States, particularly in the Gulf and California oil fields. 
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Numerous methods have been suggested and tried for distilling petro¬ 
leums continuously, only two of them, however, have come into use gen¬ 
erally, viz.: the “topping process” and the Livingston process. They 
reduce the cost of treatment, increase the output of the plant, and effect a 
sharper and cleaner fractioning of the distillates. Steam may or may 
not be used. 

(1) Topping Proms. This is also known as the “skimming” process, 
the object of which is to distil the gasoline, naphtha, kerosene, and in 
certain cases the gas or fuel oil without, however, removing the lubricating 
oil. Most of the refineries in the California, Louisiana, Texas and Mexi¬ 
can fields do not produce lubricating oils on account of the inferior products 
derived from the respective petroleums. As a much more expensive 
equipment is required to manufacture lubricating oil, even when the 
crude does contain good lubricating fractions, refiners will often avail them¬ 
selves of the topping process to reduce the cost of equipment and plant. 

Various forms of topping plants are used, all operating in accordance 
with the principle employed for dehydrating petroleum by “ Heating under 
Pressure ” (see p. 269). The oil is first passed through coils of pipe and 
heated under pressure in a furnace, and then allowed to expand into 
a vertical separating chamber where a suitable spreader causes it to flow 
downward over the walls in a thin film. The uncondensed vapors are with¬ 
drawn from the top and passed through a water condenser. The topped 
oil Hows from the bottom into a heat exchanger where it transfers a good 
portion of the heat to the crude oil on its way to the furnace. The 
exchanger consists of pipes surrounded by wall-insulated pipes of larger 
diameter. The crude oil is passed through the inner pipes and the 
topped residuum through the outer ones. A typical illustration is shown 
in Fig. 108. 

The liquid to semi-liquid residuum obtained from the topping 
process is marketed under the names “ asphaltum oil,” “ residual oil,” 
“ fluxing oil ” or “ road oil,” or if the distillation is carried further, the 
residue may become almost solid in consistency when cold, in which event 
live steam is introduced into the separating chamber to facilitate the 
removal of the volatile constituents and prevent the residue from becoming 
cracked and deteriorating in quality. 

(2) Livingston Process. This was perfected by Max Livingston of the 
Atlantic Refining Company, Philadelphia, the apparatus being illustrated 
in Fig. 109. 1 It consists of eleven or more stills arranged side by side on 
a masonry foundation (36), with a separate fire chamber (12) underneath 
each still. The crude petroleum passes through the supply pipe (27) 

> U. S. Pat. 72S.257, May 19, 1903. 
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into still No. 1 (on the left of the figure) which is provided with an 
internal steam coil (17) to precipitate any water and earthy matter carried 
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by the oil. The vapors generated in this still are drawn off through the 
vapor pipe (16). 
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The oil freed from water and earthy matters then passes into still 
No. 2 (shown to the right of the first still), provided with a steam pipe 
(30) connected with a branch (31) leading to the bottom of the still to 
assist heating the oil, also with a series of fire Hues (14) for the same pur¬ 
pose. Successive pairs of stills are alternately connected together at 
opposite ends by U-shaped connections (19), joined by elbows (20) to 
stand-pipes (21) inside the stills, the heights of which predetermine the. 
liquid levels. Each stand-pipe (21) is surrounded by a sleeve (35) open 
at both ends, the upper end rising above the liquid, and the lower reaching 
a point near the bottom of the still. This device conveys the liquid 
from the bottom of the still into the following one. 



Fia. 109.—Livingston Apparatus for Continuous Distillation of Petroleum. 

The upper end of the stand-pipe (21) is brought to a slightly lower 
level in each succeeding still, so that the oil will llow by gravity through 
the entire series. The height in each still is adjusted to compensate for 
the diminution in the volume of its contents corresponding to the quantity 
of distillate removed. The vapor-space above the liquid in the series of 
stills increases as the distillation progresses and results in the production 
of purer distillates, due to a partial condensation of the higher boiling- 
point products, which wash the vapors in a manner similar to that which 
takes place in the “ tower system ” (p. 273). 

The vapors from each still are passed through separate condensers 
which recover fractions of uniform composition. The number of frac¬ 
tions depends upon the number of stills in use, the heavy residuum being 
withdrawn from the bust one through the pipe (19). 

An ingenious series of pipes is provided so that in case any still needs 
repairing it can be temporarily cut off, and substituted with another. 

The process is readily controlled, economical to operate, and results 
in more uniform and better quality distillates, It is equally adaptable 
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to the dry and steam distillation processes, also for distilling light fractions 
as well as heavy lubricating oils. 

Steam Distillation of Asphalt-bearing Petroleum. 1 n practice, asphaltic 
petroleum is subjected either to the “ steam distillation process ” (see 
p. 272) or to the “ topping process ” (see p. 274). The distillation is 
designed to separate: 

(1) Gasoline, naphtha, kerosene, and in some cases the gas or fuel 
oil, in which event the residuum will be of a liquhl or semi-liquid consist¬ 
ency, designated “ residual oil.” 

(2) Gasoline, naphtha, kerosene, gas or fuel oil, and lubricating oil, 
in which event the residuum will be of a semi-solid to solid consistency, 
designated “residual asphalt.” 

The charge of petroleum is distilled until the residue attains the proper 
consistency, which is controlled by sampling the residue through pet- 
cocks set m the still, or by recording the toni|)erature of the residue, or 
by observing the character of the distillate. The further the process is 
continued, the higher the fusing-point and the harder the consistency of 
the residue. The teiiqieratiire of the residue at the termination of the 
process will vary tietween 000 and 7. r i0° I‘\, and the time of distillation 
lietween twelve and thirty-six hours. When the distillation is completed, 
the residuum is run or blown into a closed cylindrical vessel constructed 
of steel, where it is allowed to cool until the temperature is reduced suf¬ 
ficiently to |K'rmit its being filled into barrels or drums without danger 
of igniting on coming in contact with air. 

Where the residue is distilled to a definite consistency without further 
treatment, the distillation is known as “straight running,” and the 
residue a “ straight run asphalt.” In certain cases a portion or “ fraction ” 
of the distillate is mixed with the residue at the close of the distillation, 
which is termed “ cutting back,” the object of which is to modify the prop¬ 
erties of the residual product or to economically dispose of a fraction which 
otherwise has little value commercially. 

If the process of distillation is conducted too rapidly, or the tem¬ 
perature is permitted to rise too high, the residue “ cracks ” and becomes 
altered in composition, usually with the simultaneous formation of con¬ 
siderable carbonaceous matter. 

Table XXI shows an outline of the steam distillation process of treating 
asphalt-bearing petroleum, including the production of lubricating oil. 
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ASPHALTS AND ALLIED SUHSTANCES 


The following products are obtained: 1 

Gasoline.Of 00° Baum# 

Light naphtha ("No. 1 Topa”).Of 55° Bnum# 

Heavy naphtha.Of 50 and 45° Baum# respectively 

Keroacne.Ranging from 40 to 48° Baum# 

Gaa or fuel oil, including a product marketed as “orchard heating oil," or “smudge 
oil," ranging from 20-28° Baum# (burnt in orchards to prevent frost from dam¬ 
aging the treos), also a fuel oil of 27° Baum#, having a flash-point of 150° F. 

Lubricating oil.Ranging from 17 to 25° Bmim# 

Residual asphalt.Of varying hardness and fusing-point 

Road oil. .Varying in gravity from 20—18° Baum# 

The following yields arc obtained from California asphaltic petroleum: 2 


Gasoline (flO® Baum#). 

Naphtha (55° Baum#). 

Kerosene (35-42° Baum#). 

Gas or fuel oil (25 30° Baum#).. 
Lubricating oil (17-25° Baum#). 
Residual asphalt... 

Loss. 


Trace-20% 
Trace-15% 
Trace- 30' {, 
. 10-40% 

15-70% 
20-40% 
1- 4% 


Steam Distillation of Non-asphaltic and Mixed-base Petroleums. The 

object of this process is to avoid cracking, and obtain the maximum yield 
of lubricating oil. The stills arc charged four-fifths full with the oil and 
the fires lighted. When the temperature roaches 280° F., all of the crude 
light naphtha has distilled off, whereupon steam is introduced through 
perforated pipes at the bottom, at first slowly, and then more rapidly as 
the distillation progresses. The procedure is shown diagrammatieally in 
Table XXII, p, 278. 

The erode heavy naphthas have distilled off when the temperature 
reaches 330° F. (about l td 0 lower than when distilled dry), the crude kero¬ 
sene when the temperature reaches 500° F., (about 12'>° lower than when 
distilled dry), and the paraffine distillate when the temperature reaches 
020° F. At this point the distillation is stop|>ed. In the case of non- 
asphaltic crude oil, the so-called “ cylinder stock ” remains in the still, 
and with mixed-base crude, an asphaltic residue remains behind, which may 
either be marketed as such, or treated with air to produce a “ blown as¬ 
phalt,” 

The following yields arc obtained: 



Non-usphnitit* Petroleum 

Mixed-base Petroleum. 

Crude light naphtha. 

10-15% 

8-13% 

Crude heavy naphtha . 

10-12% 

8-13% 

Crude kerosene. 

35-50% 

20-35% 

Paraffine distillate. 

15-25% 

20-30% 

Cylinder stork. 

8-15% 





Loss. 

2- 4% 

2- 4% 


>"Tht American Petroleum Industry," by Bacon and Hamor, 1st edition, p. 503. 
* Bulletin No. 32, California State Mining Bureau. 
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Crude light naphtha, crude heavy naphtha, and crude kerosene ate 
refined further by subjecting them to: i 

(1) A second steam distillation. 

(2) A chemical treatment with sulphuric acid and cauRtic soda. 

The paraffine distillate is subjected to a second dry distillation to 
convert the paraffine into a crystalline form which may be filtered more 
readily. The distillate is then cooled to 20 or 25° F. and filter-pressed 
(see p. 307), to separate the so-called “ pressed oil ” from the “ slack 
wax.” The pressed oil is then steam-distilled to separate the gas or fuel 
oil from the neutral oil stock, and the latter is again steam-distilled to frac¬ 
tion the various lubricating oils, which are finally purified with sulphuric 
acid and caustic soda. The slack wax is treated as dcscrilx'd on p. 308. 
The cylinder stock obtained as a residue from non-asphaltic petroleum is 
first treated with sulphuric acid and caustic soda and then filtered through 
fuller’s earth (a variety of clay obtained in Florida and Georgia, of fine 
texture and low specific gravity which has the property of retaining any 
dark-colored constituents). The distillate is forced through an upright 
cylinder having a perforated bottom, and holding 10 to 20 tons of tho 
fuller’s earth, under the combined influence of heat and pressure. 


The following commercial products are obtained by the steam distillation of 
non-asphaltic and mixed-bane petroleums: 

Gasolines varying in gravity from 70-86° Bourne; 

Deodorised bight Naphthas varying in gravity from 60-74” Itaumi - ', includ¬ 
ing: 

V. M. 4 I*. Naphtha (benzine) having a gravity of 68” Baumi*; 

Deodorized Heavy Naphthas varying in gravity from 54-58” Haurni 1 ; 

Kerosenes varying in gravity from 54-38“ IJaiime; including product* of 

52° Buumt- and 130° E. fire test (“Export Oil”); 

49° liaume and 130 5 F. fire test; 

48° liaume and 155° F. fire test; 

47° Hauinr and 150” F. fire test: 

41-38° Baumii (“Mineral Colza Oil”); etc. 

Gas or Fuel Oils ranging in gravity from 38-301° Baumi t ; 

Lubricating Oils ranging in gravity from 30-32° Baumt 1 , including: 

the “non-viscous lubricating oils’! (having a viscosity under 150 on th« 
Saybolt “A” Viscosimeter), and the "viscous lubricating oils" (hav¬ 
ing a viscosity between 150 and 340). 

Paraffine Waxes, including: 

"Yellow Crude Scale,” "White Scale,” and "Refined Wax.” The fusing- 
points range from 110-130° F., and are ordinarily marketed in grade* 
of 118-120° F., 122-124° F., 124-128° F, and 128-128° F. 

Refined Cylinder Oils for use in steam cylinders at high temperatures, ranging 
in flash-point from 540-830° F., with fire-points from 550-750° F. The 
higher the fire- and flash-points, the more valuable the oil 
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dry Distillation of Non-asphaltic and Mixed-base Petroleums. The 

object of the dry or “ cracking ” distillation of petroleum is to increase the 
yield of the low boiling-point products, including the gasolines and naphthas. 
The distillation is carried on in the Mowing manner: when the tem¬ 
perature of the oil in the still reaches 175 to 200° F., gaseous products are 
first evolved, followed by the “crude light naphtha,” which continues 
to come over until the temperature in the still reaches about 320° F. At 
this temperature the " crude heavy naphtha ” commences to distil and is 
fractioned until the temperature reaches 475° F. Then the crude kerosene 
commences to boil over, and is fractioned until the contents of the still 
reach 625° F. A large amoui t of “ cracking ” commences at this point, 
and the fires are accordingly moderated to slow down the distillation and 
accelerate the decomposition as much as possible. The “ cracked " 
distillate is fractioned until the temperature in the still reaches 075 to 
700° F., whereupon the distillation is brought to a close. There remains 
a viscous dark-colored “ residuum ” varying in gravity from 20 to 25° 
Bautnd which may cither Iki marketed under the name of “ residual 
oil ” or “ flux oil ” or else distilled separately. The method of pro¬ 
cedure is illustrated in Table XXIII, p. 279. 

The crude light naphtha, crude heavy naphtha ami crude kerosene 
are treated as deseriltod under the steam distillation process of non- 
asphaltic and mixed-base petroleums. The cracked distillate is steam- 
distilled, and the respective fractions purified with sulphuric acid and caus¬ 
tic sOda, and the gasoline, kerosene and gas or fuel oil separated in the 
manner outlined in the table. 

When the residue is dry distilled in a separate still known as a “ tar 
still,” the operation is carried on as rapidly as possible to avoid unneces¬ 
sary cracking, and render the paraffine crystalline. The paraffine distillate 
comes over first, followed by the wax tailings, until nothing but the coke 
remains in the still, which after cooling is removed with a pick and shovel. 
The paraffine distillate is treated in the same manner as described under the 
heading “Steam Distillation of Non-asphaltic and Mixed-base Petroleums.” 


The following average yields are obtained : 


1 Non-asphaltic Petroleum. 

Mixed-base Petroleum. 

Crude light naphtha . .. 

5 - 8% 

C-8% 

Crude heavy naphtha. 

7 -UVi 1 

13-15% 

Crude kerosene. 

40 -45% 

16-18% 

Cracked distillate. 

25 - 30% 

20-25% 

Reaiduum . 

10 -12% 

40-50% 

I/oea. . 

5 - 6% 

4- 5% 

Upon thaltlloHon of the residuum: 



Paraffine distillate 

8J- 9} parts 

35-42 part* 

Wax tailing!* 

l P«rt 

1- 2 parts 

Coke_ 

1 - 2 part* 

4 - 6 parts 
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The following represent the more important products obtained: 

Gasolines and naphthas corresponding with those obtained from the steam 
distillation process. In addition, there are obtained a series of heavy 
naphthas ranging in gravity from 56-50° Hauim’, used in the paint and 
varnish trades and for dry cleaning purposes, likewise a naphtha of 
48-50° Uaume used by varnish manufacturers as a “turpentine sub- 
. stitute.” 

Kerosenes varying from 52-30° Baum5. 

Gas or fuel oils varying from 40-28° BaunifV The gas oils derived from 
mixed-base petroleums have a gravity of 34-30° liaumo 

Lubricating oils similar to those obtained from the steam distillation process. 

Residuum ranging from 35-18° Itaurnc The residuum obtained from 
non-asphaltic [letroleum varies from 21-22° RaumO, and is used for 
laying dust ('Toad oils”) and for fluxing harder asphalts. 

Paraffine wax of the same grades as obtained from tile steam distillation 
process. 

We will now take tip the asphalts derived from petroleum,which may l>o 
classified into four groups, viz.: residual oils, blown asphalts, residual 
asphalts and sludge asphalts. 


RESIDUAL OILS 

These are obtained in the following manner, 1 viz.: 

(1) The dry distillation of non-asphaltic petroleum. 

12) The dry or steam distillation of mixed-base petroleum. 

(3) The steam distillation of asphaltic petroleum. 

They are characterized by being liquid to semi-liquid at room tem¬ 
perature (77° I'.), having a fusing-point of less than 80° F. (K. and S. 
method). 

The characteristics of the residual oil depend upon three factor*, 
viz.: 

(1) The nature of the petroleum from which they are produced. 

(2) The extent to which the distillation has been carried. The smaller 
the amount of volatile constituents removed, the more liquid will lie the 
residual oik 

[(3) The care with which they have been prepared. 


1 “Bituminous Material# for I'w in and on Hoad Hurfaco#, and Mean# of Determining their 
Character." by Clifford Richardaon. /‘roc. Am Soc Tenting Material», f, 560, 1909; “The Modem 
Asphalt Pavement," by Clifford Hiehardnon, New York, 1906, "Charapt4*ri«tir« and Differentiation 
of Native Bitumen# and their Remlual#," by Clifford Richardson, Eng. Record, #T, 1913; 

“Laboratory Manual of Bituminou# Material#," by Prfvoat Hubbard, lit edition, pp. 123 137■ 
1910. 
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The character of the petroleum from which the residual oil has been 
produced is indicated by the percentage of solid paraffines contained in 
the residual oil and its specific gravity at 77° F., viz.: 



Specific Gravity 

Solid Paraffines 


at 77° F (Teat 7). 

(Test 33) 

Residual oils from non-asphaltic petroleum_ 

0 85-0 05 

4 0- 15 0% 

Residual oils from mixed-base petroleum... . 

0.90-1.00 

Trace- 5 0% 

Romdual oils from asphaltic petroleum. 

0 05-1 02 

0 0 0 25% 


Residual oils derived from petroleum composed principally of paraffi- 
naceous hydrocarbons have the following disadvantageswhon used as fluxes: 

(1) They are apt to show a separation of solid paraffinaceous hydro¬ 
carbons at. low temperatures, giving the oil a gritty appearance. 

(2) They do not flux with the hard asphalts and asphaltites as readily 
as the residual oils derived from petroleums containing a substantial 
amount of aromatic hydrocarbons. It should be noted that the residual 
oils derived from asphaltic petroleum constitute the best residual fluxes. 

(3) They are apt to show a separation of greasy matter (paraffine 
or vaseline-like bodies) after having l>een fluxed with hard asphalts 
(Test 3). 

Residual oils from non-asphaltic petroleum are not produced in 
large quantities to-day, as this character of petroleum is generally distilled 
to recover the lubricating oils and paraffine wax (see “ Treatment of 
Residuum ” in the dry distillation of non-asphaltic petroleum, p. 282). 

Residual oils from mixed-base petroleums may be divided into two 
classes, namely, those derived from mixed-base petroleums produced in 
the United States, and those derived from Mexican petroleum. The latter 
may l* differentiated by a higher percentage of fixed carbon (aljout 10 
per cent vs. less than 5 per cent in the United States product), a smaller 
percentage of saturated hydrocarbons (less than SO per cent vs. greater than 
50 per cent in the United States product), a larger percentage of sulphur 
(greater than 4 per cent vs. less than 2 per cent in the United Stales 
product) and a lesser solubility in 88° naphtha (about 80 per cent vs. greater 
than 90 per cent in the United States product). 

Residual oils derived from asphaltic petroleums may be divided 
into two classes, viz. those obtained from Trinidad petroleum, and those 
from United States asphaltic petroleums. The former is differentiated 
by a larger percentage of sulphur (greater than 2 per cent vs. less than 
2 per cent in the United States product). 

Another important criterion in arriving at the value of residual 
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oil for certain purposes is the percentage of volatile constituents. The 
greater the percentage of volatile matter, the less durable it will be upon 
exposure to the weather. This is important when the residual oil is 
used to tlux harder asphalts and asphallites, in which event it is desirable 
that the volatile constituents shall not exceed 5 per cent at 500° I 1 ', in four 
hours (Test 10). Residual oils of this character will withstand exposure 
to the weather remarkably well, either when ust'd alone or in various com¬ 
binations (as fluxes), and very much letter than any of the tars. They 
are not as efficient in this respect, however, as the soft (non-volatile) 
fatty-acid pitches and vegetable and animal oils and fats. 

Residual oils in general comply with the following characteristics: 


(Test 1) Color in miuw . Brownish black to 

black 

(Teat 2a) Homogeneity to the eye at room temperature.Uniform to gritty 

(Teat 26) Homogeneity under the microscope . . . Uniform to lumpy 

(Test 3) Appearance surface aged indoor* ... . Variable 

(Test 7) $|K*cific gratify at 77° F. . . . . 0 85 I 05 

(Test 8) \ neosity • • •• Variably 

(Test 9c) Consistency at 77° F • • 9-7 

(Test 10) Ductility .... Variable 

(Test 13) Odor on heating Oily 

(Test l. r xj) Fusing-point (K and 8 method) 0-80° F. 

(Test 166) Kusing-ijoint (B and It. method) W 98° F. 

(Test lti) \olnt ile matter .... \ triable 

(1’ist 17fi) Fla-di-pomt 300 660° F. 

(T<*l 18) Burtung-point • • 360 (160° F. 

(Test 19) I'm d carbon . 2-10% 

(Test 2l/i) Solubility in carbon disulphide. . . 98 100% 

(Teat 216) Von-mim rul mutter insoluble . . . 0 

(Test 21c) Mim ml matter . 0 J%, 

(Test 22) Carbetus ••• 0 1% 

(Test 23) Solubility in 88° naphtha. 90% 

(Test 2-1) Solubility in other solvent*. • Soluble in lieniol 


and turpentine 
and partly sol¬ 
uble in alcohol 
and acetone 

(Tot 2.1) Water . <^ Tr - 


(Teat 2s) Sulphur. T, ‘ 5 % 

(Teat 30) Oiygpn . <>- 3 % 

(Teat 33) Paraffine .- ■ - • . 0-15% 

(Teat 34) Saturated hydroearbona . 30-60% 

(Teat 31) Sulphonation residue. 60 100% 

(Teat 37) Saponifiable eonatituenu. Tr - 5% 

(Teat 40) Glycerol..... Abaent 

(Teat 415 Ditto r. action... So 

(Teat 42) Antbrarpnnone reaction. So 


Tabic XXIV includes & few of the author’ll teats on typical residual oils. 

Residual oils are so soft and liquid that it ia impossible to ascertain their hard¬ 
ness by the needle penetrometer (Test 9h) or their fusing point by the cute method 
(Test 15c). The consistomcter (Test 9c) and the viscosity test (Test 8a, 6, e, d, « and 
D are accordingly used for recording their liquidity, and and KrMnsr-8*rnow or the 
ball and ring methods for determining their fusing point. 

For a description of "road oils,” see pp. 363-380. 
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BLOWN PETliOLKl'M ASPHALTS 

Theso arc manufactured from residual oils derived from asphaltic, 
mixed-base' or non-asphaltie petroleums, by blowing with air at elevated 
temperatures. 

It has been recognized for many years that |ietro!eum products Ix'comc 
changed in their physical pro|XTtics by treating with oxidizing agents 
or air. One of the first to report this was (iesncr in 1805, 1 who 
remarked that 

“Organic silt,stances are oxidized l>v the utinoqihcrc, and its action promoted 
l>> a higi) tein|K*rature. Hot air lias tlieretore Ih'cii forced through hydrorarUm 
oil iluring the process of purification, and m some instances with advantage.” 

In 187(5 W. P. Jennev patented the process of treating sludge oil 
obtained in refining petroleum with sulphuric acid, with a current of air 
at a temperature of 250° J] P oliserved that a resinous substance was 
produced by the absorption of atmospheric oxygen by the oil. 

I)e Hmedt patented a process for oxidizing coal tar with ixilassium 
permanganate or |>ermanguniv acid at a tem|>eraflire of 300° F./ also 
the method of oxidizing petroleum residues in a similar manner . 1 

The first to manufacture blown asphalt on a commercial scale was 
F. X. Hyerley, w ho obtained a patent in 1X01 1 for drawingairthrougli petro¬ 
leum residues (and s|icrilienlly those derived from Lima, Ohio crude oil), at 
temperatures between 100 and (500° F. In this way he obtained “ pitches ” 
of variable pro|XTtics de|X'iiding upon the tcm|x-rature and the duration 
of the blowing process. For the softer grades (fusing under 2(K)° F.), 
the Lima residuum was blown three days at 1(K>° F., during which 2 per 
cent of distillate was produced. For the harder grades (fusing at alxiut 
4(K>° F.) the residuum was blown four to live days at 500° during which 
lictwccn 5 and 0 per cent of distillate was recovered. The product was 
claimed to be resistant, to changes m atmospheric temperature, and to 
differ from the corres|xjnding steam-distilled asphalt by being readily 
soluble in petroleum benzine or naphtha. Hyerley marketed the product 
under the name of “ byerlitc." (Hoe p. IS.) Air under a pressure of 
from G to 7 lb. per square inch was |Kissed through a 0000-gal. still of the 
oil at the rate of 450 cu.ft. per minute. Ohio petroleum residue of 21 

i “ A Practical Treatise on Coal, Petroleum ami Other Distilled Oils," 2d Edition, 1865, p. 128. 

t\\ S Pat* 178,061 and 178.1.54. both of Mn> 30. 187b. 

* 1’ S Pat 236.995 of Jan 25. 1881 to K J De 8medt 

• r S Pat* 237,662 of Feb. 8. 1881. and 239.466 of Mar. 29. 1881 to K. J De Smedt; ala© 
Eng Put. of Feb 28. 1881. No 849 to J H Johnson 

S Pat 524.130, Aiir 7. !8‘M. 
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to 27° Baumt 5 and Texas petroleum residue of 12 to 15° Haulin' were first 
usod for the purpose. 1 

<i. F. and (!. (K. Oulmer obtained patents for a similar process,- 
according to which petroleum residues of alxmt 18° Baimie mixed with re¬ 
fined Trinidad or other native asphalt, were heated to 103° ('. and blown 
for forty hours. From 3000 to (iOOO eu.ft. of air [x:r hour were passed 
through a still containing 3J tons of the residue. After a time the external 
source of heat was removed, since it was found that, the temperature of the 
mass increased of its own accord, due to the chemical changes induced 
by the introduction of air. The oxidation progressed very rapidly at 
first, and then more slowly, as it approached the end of the treatment. 
The loss in weight varied between 5 and 20 percent. 'The product, was 
claimed to be less brittle in winter, and less liable to soften under summer 
heat than asphalts derived from petroleum by straight, distillation processes. 

,1. A. Dubbs patented a process' 1 for treating [letroleum residues to obtain 
asphalt, which consists in heating them to a temperature of lot) to 230° C. 
and blowing first with air alone, and then with air mixed with steam in vary¬ 
ing proportions, depending upon the consistency of the product desired. 

In the foregoing processes the apparatus is extremely simple, con¬ 
sisting essentially of a still as is used for distilling petroleum (Fig. 105), 
the air I wing introduced through a series of pijx's at the bottom, so arranged 
as to direct it against the sides. 

According to modern practice, either air alone or a mixture of air and 
steam are blown through the “topped petroleum " (i.e., petroleum from 
which the gasoline, naphtha and illuminating oils have been removed by 
prior distillation), at. 525 to 575° F. for ten to twenty hours, or until the 
residue attains the desired consistency. It. is found unnecessary to use 
any of the metallic oxidizing agents dcscrilicd in the earlier patents. With 
Mid-continental residual oils, the loss varies lietween It) and 20 [kt 
cent and with California residual oils lietween 25 and 35 per cent, 1 
depending upon the fusing-point of the blown product. 

1 Bycrloy m. Tho Sun Co, Circuit Court of th«* V S for the Knsterti HNf of Portnsylvania, 
Oct. Session, 1908, No 201. See also V. S Pat 034.818 of Oct 10. !S<>9 to J W Hnjward 

■ U S Puts. 635,439 and 033,430 both of Oct 24, ISO!) 

•U. S Put 1,057,227 of Mar 25, 1913 

* In this caw the distillate consists of a reddish oil about 21° Bnunif, which on redistillation 


yields: 

Naphtha (45° B*) 5% 

Kerosene (35° B4 ) 10% 

Has oil (28° H*) .... 20% 

Light lubricating oil (23° B#.) . . . 25% 

Heavy lubricating oil (19° B6) . . 20% 

Black residuum. , . . . . 15% 

Low. ... . 5% 

Total. 100% 






PETROLEUM ASPHALTS 


Comparatively little is known regarding the exact chemical reactions 
which take place on blowing. Analysis shows that little oxygen actually 
combines with the asphalt. 1 It seems to be fairly well established that the 
effect of blowing is to eliminate hydrogen, which unites with the oxygen 
of the air, forming water. The process is also manifested by a condensing 
action, whereby the hydrocarbons polymerize, forming Ixxlies of higher 
molecular weight and more complex structure. 

Blown asphalts vary in consistency from semi-liquids to moderately 
hard solids at room temperature. They are marketed under various pro¬ 
prietary names such as Byerlitc, Sareo, Hydrolene, 'Texaco, l’arolile, 
Korite, Stanolite, S. 0. Binders, Obispo, Kbano, etc. 

The advantages of “ blowing ” over the steam distillation process are 
as follows' 

(1) The yield of asphaltic residue from the blowing process is much 
greater than when steam distilled. In actual practice, with a top|>ed 
asphaltic crude, the yield of blown asphalt \aries lietwcen 75 and tK) |ier 
cent. Of the balance, 20 to <S |ier cent is recovered as distillate, and 5 to 
2 per cent represents loss. 

(2) Blown petroleum asphalts arc less susceptible to temperature 
changes than steam distilled products, and in addition acquire a certain 
amount of elasticity and resilience, usually termed “ rubber-like proper¬ 
ties.” Comparing the respective asphalts of the same fusing-|ioiiit and 
derived from the same crude, we lind the blown product to lie tougher, 
less brittle, softer in consistency and Inning a lower “susceptibility fac¬ 
tor’’ (see p. 501) than the steam distilled product. 

(3) In many case- it is possible by blowing to obtain a residue of lietter 
quality than if the stea n di-til'alion process were used, and in fact the 
blowing process lenders many crude petroleums available which could not 
otherwise be used for preparing hiijh fining-point asphalts Non-asphaltic 
petroleum will produce fairly good asphalts when blown, whereas the same 
crude will produce worthless residual asphalts by the steam distillation 
process. It is found that the more asphaltic the crude, the lietter the 
quality of the blown product, and the shorter the duration of the blowing 
process. Petroleums of mixed-base such as Mid-continental and certain 
of the Texas crudes, must be blown very much longer than pure asphaltic 
crudes, including the California and Trinidad. 

(4) It is easier to control the “ grade ” of asphalt by blowing. , As 
previously noted, the progress of blowing is more rapid at the start of the 
process than towards its conclusion. In other words, the residual asphalt 

1 "Petroleum Analytical Methods," by S. P Sadder, 8th Intern Cong, of Applied Chem., 
13, 729-733, 1912. 
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is said to “ come to grade ” very slowly. With steam distillation, the alter¬ 
ation is much more marked at the end of the distillation process, so that 
the steam distilled asphalts “ come to grade ” very rapidly. In attempt¬ 
ing therefore, to produce a residual asphalt of a definite fusing-point or 



Fin. 110.—Kffoot of Blowing on tho Fusing-Point and Hardnoss of Petroleum Asphalt. 

hardness, the hlowing process is preferable, since it may be controlled to 
better advantage. 

Eig. Ill) shows the effect, of prolonging the blowing process (at 425° F.) 
on the fusing-point (ball and ring method, Test 15/)), and penetration 
(needle penetrometer-test 06) of a topped mixed-base petroleum 1 . 

I" Value of Blown Asphalts anti thoir Manufacture," II. B. Pullar, Good Rond «, J, 146, 1912. 
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Fig. Ill illustrates the consistency, tensile strength (multiplied by 
10) and ductility curves of a typical blown petroleum asphalt produced 
from mid-continental petroleum, having a fusing-point of 127° F. (K. and 
S. method). 

The care with which blown asphalts are prepared largely influences 
their physical characteristics. When made from improper crudes or by 
careless treatment, blown asphalts are apt to have certain defects, viz.: 

(1) When made from non-asplmltic or mixed-base petroleums, they are 
likely to present a “ greasy ’’ surface, and cs|x>cially on standing a few 
days, due to the jMirtial separation of vaseline or parafline-like bodies. 


3?* 77* 115* 



Kk, ltl —Chart of Phy-irnl Chiiraeterisfirxof Blown Petroleum Asphalt. 

Thi> will 1 h' considered more fully in Chapter XXVIII (p. 48. r >). Blown 
asphalts made from asphalt ir crudes do not behave in this manner. 

(2) Blown asphalts, and especially those of high fusing-point, have the 
disadvantage of Ix'ing “ short,” or in other words, they lack ductility. 
By carefully regulating the process, this defect may be minimized, particu¬ 
larly if the asphalt is subjected to a moderate amount of blowing. It is 
a fact, however, that the longer the blowing is continued, the less ductile 
will l>e the asphalt. 

(3) Asphalts when over-blown, or blown at too high a temperature, 
show a separation of non-mineral matter insoluble in carbon disulphide, 
and a large percentage of earbencs. The former may readily Ire detected 
under the microscope (.see Test 26, p. -184), also in certain aggravated cases 
by the eve, by presenting a dull surface upon lx-ing (listmix'd (gee Test 2a 
P- »»)■ ' 
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When the blown asphalts first appeared on (he market, they unfor¬ 
tunately did not enjoy a good repute, but t heir quality has improved to 
such an extent that blown asphalts may now be procured of almost any 
fusing-point up to 400° F., which are not only more resistant to tempera¬ 
ture changes, but are at the same time as ductile as any unblown product 
of the same “ grade ” (i.e., fusing-point or hardness at 77° F.) 

In general, blown asphalts comply with the following characteristics: 


(Test 1) Color in mass ... ... Black 

(Teat 2«) Homogeneity to the eye at room temperature Uniform to gritty 

(Teat 26) Homogeneity under the microscope . Uniform to lumpy 

(Teat If) Apitearance surface aged indoors one week... . Bright to dull and grensy 

(Test 4) Fracture.Soft grades do not allow a 

fracture, hard grades 
present a conchoidal 
fracture 


. Bright to dull 
Brownish black to black 
0 90-1 07 . 

2-30 
8-40 
Variable 
Variable 
SO I00 n K 
100 125° F. 

1 - 12 % 

.lift :>fio° F. 

100 <wo° F. 

.V 20% 
yr> ioo% 
o r.% 
o i% 

0 10%, 

.*>0 90% 

Largely -oluble in turpen¬ 
tine and 1 (enrol, and 
alighth aoluble in alco¬ 
hol and acetone 


(Test 25) Water. Absent 

(Test 28) Sulphur. Tr 7 5% 

(Test 30) Oxygen. . . . 2- 5% 

(Test 33) Paraffine,. . . . 0- 10%, 

(Test 34) Saturated hydrocarbons . 30 75% 

(Tost 35) Sulphonntion residue . 90 100% 

(Test 37) Saponifiable constituents.Ti - 2% 

(Test 40) Glycerol . ... None 

(Test 41) Diaio reaction ... No 

(Test 42) Anthra<juinone reaction. No 


Fig. 112, plotted by the author from hundreds of determinations, 
shows the relation between the specific gravity and fusing-point of 
residual oils, blown asphalts and residual asphalts. 

Residual oils range in specific gravity from 0.85 to 1.07 at 77° F., 
and in fusing-point (K. and S. method) from 0 to 80° F.; blown asphalts 
range in specific gravity from 0.90 to 1.05, and in fusing point from 80 
to 400° F.j residual asphalts range in specific gravity from 1.00 to 1.17 


(Teat 5) Lustre. 

(Test 6) Streak on porcelain . 

(Teat 7) Specific gravity at 77° F 
(Tent 0c) Consistency ut 77° F.. . . 

(Test 9d) Susceptibility factor. 

(Test 10) Ductility. . 

(Test 11) Tensile strength. 

(Test l&i) Fusing-point (K. & S method)... . 
(Test 156) Fusing-point (Bull and Bing method) . 
(Test lfl) Volatile matter, 600° F in 4 hours 

(Test 17o) Flash-point. 

(Test 18) Burning-point. 

(Test 19) Fixed carbon ... 

(Test 21a) Solubility in carbon disulphide 
(Test 216) Non-mineral matter insoluble . 

(Test 21c) Mineral matter. . . . 

(Test 22) Carbones. 

(Test 23) Solubility in 88° naphtha 

(Test 24) Solubility in other solvents. 
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and in fusing-point from 80 to 225° F. The chart shows that residual 
oils verge into the residual and blown asphalts respectively, and it also 
graphically illustrates the difference between the residual and blown 
asphalts. It will be observed that the effect of blowing is to increase the 
fusing-point and decrease the specific gravity of the product. 



Kid 112 -Relation hotumi tli«* SjM'cifi** (Inivity Mini FiihinK-Pnint of Rusithml Oils, 
Blown Petroleum Asphalts and Rendual Asphalts. 

Another method for distinguishing lad ween blown and residual asphalts, 
devised by the author, consists in finding their hardness by means of the 
eonsistometer (Test tic) at a temperature exactly i'i()° F, lower than their 
t using-point by the K. and S. method. Blown asphalts show a hardness of 
less than 15, whereas residual asphalts show a hardness greater than 
1.1 under these conditions, This is illustrated by the following examples: 



Kifing-ixtint. 

(Tint l.Vi) 

Hurdnen* (Tent 9r) at 

50'' F |m-|ow the 
Fumng*|Mmit 

Bltnm i» tr<tl< ii m ax phalli 
! ima Kr.ult* 1J0 

91 5° F 

lid at 41 5° F. -11 2 

" " 250 

155 

lid at 105 0° F -10 1 

" " 185 

214 

lid at 104 0° F - 7 8 

" " 2s5 

271 5 

lid at 221 5° F. - 0 7 

Mid-conOnontal grad«* 115 

100 

lid. at 50 0° F -11 9 

“ '* ISO 

104 

lid at 114 0° F. -10 3 

215 

215 

lid at 105 0° F. - 8 4 

Rnetilunl ntphaHn 

California grade R 

90 

lid at 40.0® F.-2I.5 

" DE 

108 

lid at 58 0° F -22.2 

" I) 

121 

Hd at 74 0° F -22.2 

“ c . .. 

140 

Hd at 90 0° F. -22 9 

“ ** CB .. 

108 5 

Hd at 118 5° F -23,5 

“ “ B . 

209 

Hd at 159 0® F.-22 9 

Mi 1-continental grade 140 

119 5 

Hd at 60.5° F -21.5 

“ “ 180 

158 

Hd at 108 0® F.-21.5 
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It is of interest to note in connection with the foregoing figures, that 
for any particular crude, the hardness at the “ fusing-point less 50° F.” 
decreases with the extent of the blowing, but remains practically constant 
in the case of the residual asphalts, regardless of the degree to which the 
distillation may have Iscen carried. 

Upon comparing a residual asphalt with a blown product of the same 
fusing-point, it will be found that the latter is considerably softer, as 
evidenced by its consistency or penetration. Conversely, upon comparing 
a residual asphalt with a blown product of the same hardness or pene¬ 
tration, the fusing-point of the latter will be found to be considerably 
higher. It is also interesting to note that blown asphalts arc more soluble 
in 88° naphtha (and in other petroleum distillates) than unblown residual 
asphalts of the same fusing-point. 

Blown asphalts, due to their greater softness, and correspondingly 
large proportion of “life-giving” constituents, are better weather-resistanls 
than residual asphalts derived from the same crude, having the same 
fusing-point and showing the same proportion of volatile matter. They 
are al>out equal in weather-resistance to residual asphalts of the same 
hardness prepared from the same crude, and far superior to sludge asphalts 
regardless of their hardness or fusing-point. It is a mooted question 
whether the native asphalts or the blown asphalts excel in weather- 
resisting properties, and to which in the author’s opinion no categorical 
answer can Ik 1 given. 1 

Table XXV includes the results obtained by the author upon examining 
representative blown asphalts derived from different crudes and blown to 
different extents. 


SULPHURIZED ASPHALT'S 

Under the action of heat, sulphur has the same condensing effect on 
asphalt as oxygen. The sulphur eliminates hydrogen, in the form of 
gaseous hydrogen sulphide (H 2 S). This reaction may be roughly repre¬ 
sented as follows: 

C n H 2o +S=C»H 2n - 2 +H 2 S. 

The process of treating asphalt with sulphur was first disclosed by 
A. G. Day,and subsequently by J. A. Dubbs, 4 who heated Pennsyl- 

.‘"Tht* Modern Asphalt Pavement," loo ott.; "Value of Blown Asphalt* and Their Mnmifne- 
ture," by H. B. Pullar, Good tioadt, 3 , 140-7, 1912; "Amerienn Petroleum Industry," loo nt 
620-031. 

*"The Effect of Sulphur on the Oxidation of Hydrocarbons*, with Particular IMomioe to 
Asphalt," B T. Brook* nnd I. W Humphrey, J. Ind Kim ('him , 9 , 740, 1917 

9 u. a Pat. ,18.01.1 of Oct. 9, 1800 to A G Day 

*U. 8 . Pat*. 408,867 of Feb. 10, 1892; 480,234 and 480,23.1, both of Aur 2, 1892; also 008,372 
of Aug. 2, 1808 to J. A. Dublsa 
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vania, Lima and Ohio residuutns with 20 to 25 per cent of sulphur, at. a 
temperature somewhat below the boiling-point of sulphur, until the evolu¬ 
tion of gas ceased. The resulting product is very similar in its physical 
properties to oxidized asphalt, being only slightly susceptible to tempera¬ 
ture changes, but it is still further lacking in ductility. Twenty years 
ago, asphalt treated in this manner was exploited under the name “ Pitts¬ 
burg Flux.'' This was before blown asphalts appeared on the market, 
which on account of their smaller cost of production, soon displaced the 
sulphurized product. Other processes for vulcanizing asphalts were 
descrilied by Peck. 1 Callender vulcanized a mixture of Trinidad asphalt 
and fatty-acid pitch, 2 and William Griscom worked out a process along 
similar lines, producing a rubber-like substance by vulcanizing a mixture 
of fatty-acid pitch and asphalt. 3 Mixtures of grahamito and vegetable 
oils,' coal tar pitch,’ 1 sludge asphalt, 1 ’ and wool-fat pitch 7 have also 
been vulcanized with sulphur to increase their elasticity and decrease their 
susceptibility to temperature changes. 

KI5SIDl'AL ASPHALTS 

As stated previously, these are derived from the steam distillation 
of mixed base or asphaltic petroleums. Non-asphaltic petroleums arc 
unsuitable for manufacturing residual asphalts. The distillation is con¬ 
tinued until the residual asphalt reaches the desired “grade.” The 
teni|«Tature of the residue in the still is carefully observed, and under 
no encumstances allowed to exceed 750 to S()0 n F., otherwise excessive 
decom|K)sition and cracking of the hydrocartsms will take place, and 
result in the production of an inferior product. This is es|>eeially liable 
to lie the case if a residual asphalt of hard consistency and high fusing- 
l*mit is to lie produced. Mexican |x>troleums are very susceptible to 
overheating, and great care must lie taken not to allow the residue in 
the still to exceed a temperature of lull 0 F. In the early days of the 
industry, the residual asphalts were carelessly manufactured, without 
suitable temperature control, and as a result they soon fell into disre¬ 
pute. 

At the present time, residual asphalts are lieing marketed of excellent 
quality, including products fusing as high as 225° F., with a hardness in the 

>0 S Pat. IBI.IIM am] Ml.OSJ „! May lSOT to II W Pack. 

5 Kng Pat of Ort 11, IHK1, No 4408 to W O (‘allnidrr 

1 r 8 Pat* 529.727. 529.728. 529.729 and 529.730, dated Nov 27, 1894 to William (Jriacom 

•l* S Pat 210.40.') of Dir 3. 1878 to A fl Day 

5 U 8 Pat* 403,. r >48 of May 21, 1889 to B E Oliien and Chai Gabriel, 698,147 of Feb 1, 
1898 to Albrrt Hannemann. 

•U S Pat 661.358 of Junr 12. 1900 to J A. Ju*t 

1 G«t Pat 225,911 of Ma> 25, 1907 to A F. Malcbow. 
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neighborhood of 100 on the consistometer scale (Test 9c), but this is due 
solely to the better methods of control. Other things being equal, it is 
not as easy to produce a residual asphalt as a blown product of a given 
high fusing-point. 

Lester Kirschbraun devised a process 1 for removing undesirable constitu¬ 
ents of a paraffine- or vaseline-like character from residual asphalts (12 
to 24° Baumf 1 ) derived from a mixed-base petroleum, by introducing large 
quantities of low-pressure steam sui>erheatcd to 600 to 700° F., through 
a charge of the asphalt heated in a still to 450 to 700° F. It is claimed 
that these heavy paraffine- or vaseline-like hydrocarbons are non-oemcnti- 
tious, non-ductile, non-adhesive and greasy in character, and in addition, 
impart these undesirable characteristics to the asphaltic hydrocarbons 
when mixed with the latter. Kirschbraun’s product is supposed to have 
an unusual degree of ductility, in many cases capable of being elongated 
more than 100 times its cross-section at 77° l 1 '., also a high degree of ad¬ 
hesiveness and cementitiousness not found in residual asphalts distilled 
with saturated steam, or in blown asphalts prepared in the usual manner. 

Carelessly prepared residual asphalts may be detected by: 

(1) Lack of homogeneity (Test2). This maybe due either to over¬ 
heating or because the distillation has been continued too far. 

(2) The surface of the material assuming a “ greasy ” appearance 
on aging. This is due to the use of crudes containing too large a propor¬ 
tion of paraffine- or vaseline-like hydrocarbons, which have not been 
removed during the distillation process. 

(3) The presence of too large a percentage of volatile matter (Test 
16) or too low a flash-point (Test 17), due to the distillation not. having 
been carried far enough, or at a temperature sufficiently high to remove 
the low-boiling point constituents. 

(4) A large percentage of non-mineral matter insoluble in carbon 
disulphide (“ free carbon ”) ('Test 216). This is due either to overheating 
or to the distillation having been carried too far. Carefully prepared 
residual asphalts should not contain more than 5 per cent. 

(5) The presence of carbenes (Test 22), which are produced by 
overheating. Carefully prepared residual asphalts should not contain 
more than 2 per cent. 

Residual asphalts made from mixed-base petroleum are not as sus¬ 
ceptible to overheating as those derived from purely asphaltic petroleum. 
In both cases the percentage of asphalt recovered in the distillation process 
is greater than that contained in the original petroleum, due to the fact 
that the heavy lubricating oils are polymerized or condensed under the in- 


»U. S. Pat. 1,194,750, Aug. 15, 1910, to Lester Kirschbraun. 
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fluenoe of heat into substances resembling asphalt. In a purely asphaltic 
petroleum, the quantity of residual asphalt formed during the distillation 
process is proportionately /css than in the ease of mixed-base petroleum, 
but the residual asphalt in the former ease will not show a greasy surface 
on aging, no matter how carelessly it may have been distilled. 

Residual asphalts in general comply with the following characteristics: 


(Test 1) Color in mass 

(Tout 2) Homogeneity 

(Tint 3) Appearance surface aged indoors I 

(Tint 4) Fracture 

5) Lustre. 

(Tent <i( Streak on pure* lain 

(Tint 7) Spwjhe gruwty til 77° F 

(Tent %) Penetration at 77° !•' 

(Tent Or) Consistency at 77° F 
(Tent 'Ml Nuneptihilitv factor 
(Tent 10) Ductility at 77° F 
(Tint 11) Tondiie strength at 77° F 
(Tint l.'l) Oilor on heating 
(Test 14<i) lb bailor on nulling 

(Tint I'm) Fusing-pomt (K A S imthodl 

('le.it Hit,) Fusing-pomt (H <V 1{ met bod) 

(Tint lti) \olatile matter 

(Test 17) Mash-point 

(Test 1 H) Burning-point 

(Ti st 10) I'ueif i •irNoii 

(Test Jin) Soluble in carbon disulphide 

(Test 216) Noii-inirn ral m.iiti r insoluble 

( Tut Jlr) Mini ral niattir 

(Tent JJ) ('arlu'in n 

(Tut J 1) Solubility in vs" naphtha 

(Test J|) Solubility in oiler solunts 


(Test J'i) Wall r 

(Te-t Jnj Carbon 

(Test J7) llvlroyeri 

(Test JH) Sulphur 

(Test JO) Nitrogen 

(Test .'10) Ox>|(iu 

(Test .12) Naphthalene 

(Test 33) Paraffini 

(Tent .'ll) Saturated hidrorarbon* 

(Test 3 r ») Sulphonation r< «ulue 

(Test .'17) Saponifiable i omt itu* nts 

(Test II) Diaro reio lion 

(Tist |J) Atilhrmpiinoiie rear lion 


Mlark 
\ (triable 
eek Variable 

Com lioulal in the case of hard 
residual asphalts. 

V ariable 
(Hack 

1 00 I 17 
loO 0 
A I(K) 

•10 Id) 

Variable 

0 5-10 0 
Oilv 

Pass rapidly from the solid to 
the liquid state 
SO 22.V' F 
100 J.V)° F 

V finable 
UK) «UMI° F 
r*0 700° F. 

io' 

s m , itHi';, 

o i.v;, 
o l' ; 
o ;io‘ 

2. r . h.v;, 

finite soluble in Ix-nvol anti tur- 
isntirie and seareelv soluble 
in alcohol and acetone 
None 
HA- K7'; 

«- i:p; 

Tr I0 r i 
Tr I 0% 

<> -’1% 

Norn 
0 ', t ”„ 

2.1 75% 
ini mn% 
o 2% 

No 

No 


Residual asphalts are characterized by the following features: 

(1) Their comparatively high specific gravity, serving to distinguish 
them from blown asphalts. 

(2) Their greater hardness or consistency at 77° F. for a given fusing- 
point, which also distinguishes them from blown asphalts. 
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(3) The greater tensile strength at 77° F. for a given fusing-point, 
which similarly distinguishes them from blown asphalts. 

(4) The fusing-point, which is lower, and serves to distinguish them 
from the asphaltites. 

(5) The susceptibility factor, which is very much higher than blown 
asphalts. In the case of residual asphalts the susceptibility factor is 
greater than 40, whereas with blown asphalts it is less than 40. 

(6) The volatile matter, which for a given fusing-point is lower than 
that contained in the crude native asphalts. 

(7) The flash-point, which for a given fusing-point is higher than that 
of the crude native asphalts. 

(8) The fixed carbon, which for a given fusing-point is greater than 
that of blown asphalts. 

(9) The mineral matter, which runs well within 1 per cent and serves 
to distinguish residual asphalts from most of the native asphalts. 

(10) Carbenes, when present in percentages in excess of 5, serve to 
distinguish them from native asphalts. 

(11) Paraffine when present serves to distinguish residual asphalts 
from native asphalts, although this test is not infallible, for as pointed out 
previously, there are certain residual asphalts which do not contain paraffine 
(i. e., obtained from asphaltic petroleums). 

(12) The saturated hydrocarbons will exceed 25 per cent in the case 
of residual and blown asphalts, whereas they will be less than 25 per 
cent in the ease of native asphalts. 1 With asphaltites the saturated hydro¬ 
carbons amount to less than 10 per cent. 

(13) A greater percentage of sulphonation residue is derived from 
residual and blown asphalts than from the various pitches. 

(14) A negative diazo reaction, which distinguishes residual asphalts 
from pitches derived from wood, peat, lignite, coal, shale and bones. 

(15) The absence of the anthraquinonc reaction, which distinguishes 
residual asphalts from the various pitches derived from coal. 

(16) Hy the percentage of free asphaltous acids (Test 38a) which 
runs below 2} per cent in residual asphalts and above 2$ per cent in the 
native asphalts. Similarly, the percentage of asphaltous-aeid anhydrides 
(Test 38b) runs less than 1) per cent in residual asphalts and greater than 
1J per cent in native asphalts. 

There has been much discussion whether or not it is possible to distinguish 
between petroleum asphalts and native asphalts.’ Various methods have been 

1 " Characteristics and Differentiation of Native Bitumens and their Residual,," by Clifford 
Richardson, Bng. Rererd, •?, 406, 1913 

* “Distinction of Natural Asphalt Bitumen from Petroleum Pitch and Coal-tar Pitch," by 
Jeno Kovtcs and 8. SOWt, Chtm. Rn PtU-Hart-Ind., 1, 8, 1900; "Detection of Adulterant* 
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proposed for the purpose, but the only ones which seem to give dependable results 
uro the percentages of saturated hydrocarbons (Test 34), free asphaJtous acids 
(Test 38a) and asphaltous-acid anhydrides (Test 386), referred to in items (12) 
and (16) above. 

At the present time it is impossible to distinguish between blown 
asphalts, and combinations of asphaltites with residual oils or soft 
residual asphalts, since their respective properties are very much alike. 

Residual asphalts obtained from California petroleum arc customarily 
designated by letters to differentiate the different grades. The so-called 
“ A ’’ grade is extremely hard and brittle and grinds to a non-adherent 
powder between the teeth, ranging in i>enetmtion between 1 and 5 at 
77° F. (No. 2 needle, 100 grams. 5 seconds.) “11" grade is quite lull'd 
and brittle and grinds to an adherent powder lietween the teeth, ranging 
in |H'iielration lietween 'A and 15 at 77° F. "C" grade chews with 
difficulty and ranges in penetration between 10 and 25 at 77“ F. "D" 
grade chews readily without sticking to the teeth, and ranges in |ieiic- 
t rat ion from 25 to 75 at 77“ F. “F," grade sticks to the teeth on 
chewing and shows a |ienotratioii greater than 75 at 77“ F. “F" and 
“ (i ” grades are in reality residual oils of high and low viscosities 
respectively. When carefully prepared, “ 11 ” grade docs not contain more 
than 2 per cent of non-mineral matter insoluble in carbon disulphide, 
and the softer grades correspondingly less. 1 

Fig. 113 slum's (lie hardness, tensile strength (multiplied by 10) mid ductility 
curves of a typical sample of ' ll" grade <’aliforma residual asphalt fusing at 
121’ F, (K and S method! 

Table XXVI includes the results obtained by the author on representative specimens 
of residual asphalts. 


m Natural Aspliultuni," liy n Mabatkovie. Oss/srs Chrm Z-U. I, tail. ItlOr,, ”Diatiurtiuii between 
Natural alul P. troleum Asphalts." by J Marrussuu an, I II Ke blliami. (him /Ml. St. till A. I1IOH, 
" I«l< untying Asphalt*," by J MarciiHson, Chtm Hn Frtt-Harz-Ind , II, 47, 11)11, "Petroleum 
Asphalt-*,” by 1) I-ohmann. Chrm Hrr Frtt-lhm-l ml, II, 107, 1911, ''Chemnnl Composition 
and Methods of Distinguishing Natural and Artih«inl Asphalts, " by J Marcuiwoii, (him Hrr. 
Fell-liar i-Ind , II, 106, 1912. “N-paralion of Natural and Petroleum Asphalts,” by J Mammaon, 
Chrm Znt, If. 801, 1912. Itiehardson’s “Modern Asphalt Pavement." lor eit . p 270, "Quan- 
ttlativr Determination of Natural Aaphaliurn in the Prewnee of Artificial Aaphaltum,” by J 
Marcusson, Z angne Chrm, If, 91, 1913. " Detection of Natural Aaphalt an<l Petroleum Pitrli," 
by F Srhwari, Chrm Hrr Frtt-llarz-lnd , 10, 28, 1913. "A only aw of Petroleum Oil and Mineral 
Wax." by H Kantorowic*. Chrm Znt , 17, 1.394, 1438, l.W», and I. r i94, 191.3; "Differentiation 
of Natural and Artificial Asphalts," by J Marrunaon. Will k. MalrnalprU / SI, 419, 1014, 
"Differentiation of Natural and Oil Asphalts," by K C Pailler, J Ind Eng Chrm, I, 280, 1914, 
"Chemistry and Analysis of Aaphaltum," by J Marcusson, Chrm Znt., II, 81.3 and 822, 1914; 
“Chemical Compoaition of Natural Asphalts," by J Marcusson, Z angeir Chtm , 19, 340 and 
349. 1916 

‘"The California Aaphaltum Industry," by F. II Mioard. Eng Mining J , .003, J9f)3. "Pro¬ 
duction and IV of Petroleum in California," Bulletin No 32, California 8latc Mining Bureau, 
San Francisco, Cal, Mar, 1904 
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TABLE XXVI.—CHARACTERISTICS OF 


From Mixed-base Petro 


Mid-continental (Texas). 



Physical Characteristics 








2a 

Homogeneity to eye at 77° F . 

Homo. 

Homo. 

Homo. 

Homo. 

Homo. 

Homo. 

Non-ho. 

2b 

Homogeneity under microscope. 

Homo. 

Homo. 

Homo. 

Homo 

Homo. 

tiritty 

Lumpy 

3 

Appearance surface aged 7 days 

Dull 

Dull 

Dull 

Dull 

Dull 

Dull 

Dull 

4 

Fracture. 


Co'.ch 

Coneh 

Conch 

Conch. 

Conch 

Conch. 

b 

Lustre. 


Bright 

Bright 

Bright 

Bright 

81. Dull 

SI. Dull 

6 

8treak. 

Bn Bk 

Blaek 

Black 

Black 

Black 

Black 

Bluck 

7 

Specific gravity at 77° F. 

1 032 

1 050 

1 078 

1 095 

1 119 

1 13S 

! 1 145 

9c 

Consistency at 116° F. 

1 0 

ft 1 

9 0 

11 0 

27 1 

40 2 

47 9 


Consistency at 77° F. 

7 2 

15 2 

23 ft 

42 2 

58 ft 

70 1 

88 8 


Consistency at 32° F. 

45 2 

00 9 

81 4 

92 8 

107 0 

> 100 

>101) 

9d 

Susceptibility factor. 

44 8 

51 7 

50 5 

49 5 

48 0 

>45 

>45 

10 b 

Ductility in cm. at 116° F. 

14 5 

37 

(54 5 

22 

12 

0 

0 


Ductility in cm, at 77° F. 

55 

19 

10 

2 ft 

0 

0 

0 


Ductility in cm. at 32° F.. . . 

1 O 

0 

0 

0 

0 

0 

0 

11 

Tensile strength in kg. at 115® F 

0 Oft 

0 10 

0 35 

1.10 

2 00 

4 50 

ft 50 


Tensile strength in kg. at 77° F 

1 0 

2 7 

4 2 

7 0 

(5 0 

I ft 

4 0 


Tensile strength in kg. at 32® F 

ft 0 

15 O 

9 ft 

8 ft 

7 0 

5 5 

ft 0 


Heat Tests 








16a 

Fusing-point, deg F , by K. and 









8. method. 

97 ft 

110 5 

142 

158 

107 

194 

205 

166 

Fusing-point, deg. F., by B. and 









It. method. 

115 

131 ft 

159 

170 

184 

213 

227 

10 

Volatile, 500® F., in 4 hrs, 









per cent . 

0 92 

0 78 

0 50 

0 78 

1 00 

0 89 

0 71 

17a 

Flash-point, deg F . 

508 

525 

532 

545 

575 

590 

595 

10 

Fixed carbon, per cent . . . 

8 1 

13 8 

18 ft 

22 7 

23 1 

27 2 

33 3 


Solubility Tests 








21 a 

Soluble in carbon disulphide 

99 50 

99 25 

99 03 

98 00 

90 45 , 

91 07 

91 02 

21b 

Non mineral-matter insoluble . 

O 22 

0 50 

0 70 

1 08 

3 12 

5 31 

S 20 

21 c 

Mineral matter . 

0 22 

0 25 

0 27 

0 32 

0 43 

0 152 

0 78 

22 

Carbenes . 

0 H 

1 8 

3 0 

3 7 | 

ft 0 

0 1 

12 3 

23 

Soluble in 88° naphtha. 

80 1 

82 ft 

80 3 

77 0 i 

72.3 

04 7 

01 0 


Chemical 7\»t* 








28 

Sulphur. ... . 

1.2 

0 95 



1 3 


o r. 

33 

Paraffine. . . 

1 4 

1.3 

1 25 

1 0 

0.8 

0 7 

0 ft 

34 

Saturated hydrocarbons. . . . 

42 0 


(50 7 




70 1 

36 

Sulphonation residue . 



95 0 






Residual asphalts obtained from the Texan mixed-base petroleum arc 
characterised by the presence of paraffine, less than 1$ per cent of sulphur 
and between 40 and 70 per cent of saturated hydrocarbons; those obtained 
from California asphaltic petroleum are practically free from paraffine, 
contain less than lj per cent of sulphur, and between 25 and 40 per cent 
of saturated hydrocarbons; those derived from Mexican mixed-base 
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TYPICAL RESIDUAL ASPHALTS 


LBI'M. FROM AkI'H 4I.TU - I'lTMOI KI'M 



Mexican. 



Cnhlorma 



Trinidad 

Homo 

Homo 

Homo 

Homo 

| 

Homo 

Homo 

Homo 

| 

Homo 

Homo. 

N'on-ho 

Homo 

Homo 

Umiy 

Homo 

Gritty 

Hullio 

Homo 

Homo 

Homo 

' Homo 

Gritty 

Lump) 

Homo 

Homo. 

Bright 

Bright 

Bright 

Bright 

Bright 

Bright 

Bright 

! Blight 

Bright 

Bright 

Bright 

Bright 

('ouch 

Conrli 

Conrli 



Couch 

Conch 

j Conch 

Conch 

Conch 


Conrli 

Bright 

Bright 

Bright 



Bright 

Bright 

Bright 

Bright 

Bright 


Bright 

Blftcfc 

Black 

Black 

Bn 

Bn Bk 

Black 

Black 

Black 

Black 

Black 

Black 

Mark 

1 015 

1 021 

I 0.1ft 

1 031 

1 04.1 

1 (K*5 

1 095 

1 113 

1 127 

1 158 

1 095 

1 120 

3 1 

4 5 

ft 5 

2 7 

.1 4 

ft h 

1.1 9 

2N n 

.IN 0 

15 1 

N 8 

27 2 

17 2 

21 r, 

22 9 

7 0 

is 2 

21 1 

29 0 

tkl t) 

N9 2 

98 0 

24 0 

70 2 

HO 4 

»S 0 

7.1 0 

15 N 

V, 4 

1*4 ft 

7n .1 

> 100 

> JOtl 

> MX) 

58 7 

>100 

47 .1 

17 S 

11 5 

IS 0 

17 2 

It* ft 

44 0 

> 42 

> 40 

> 45 

43 3 

> 45 

45 

12 5 

i.5 

tl 

10 

57 

12 5 

h 0 

0 

0 

70 

3 5 

8 

3 5 

.1 

75 

'.IN 5 

9 

1 

0 

0 

0 

22 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o f 

0 N 

0 7 ft 

0 15 

0 25 

0 (Ml 

1 ft.5 

.1 111 

.1 to 

4 25 

0 4 

4 85 

2 s 

4 O 

r, o 

0 55 

1 1 

3 5 

ft 2 

5 0 

4 (I 

4 2 

2 8 

5 5 

S '» 

11 0 

io 5 

• .» 

S 5 

10 0 

12 0 

N 0 

5 2 

3 7 

8 7 

10 2 

121 

i n 

14.1 

‘.Ml 

BIS 

124 

lift 

IftH 5 

209 

218 

115 

D7 

141 5 

I'l 

I«i2 

105 


142 

1(13 

INN 

220 

229 5 

1.12 

210 

0 7ft 

O Vi 

0 47 

5 20 

3 40 

3 Os 

2 14 

3 *1" 

3 72 

2 12 

3 08 

2 7.' 

520 | 

V,.-, 

:.t7 

150 

192 

500 


515 

545 

.'(13 

528 

5ft 1 

28 9 | 

.10 ft 

.12 1 

12 0 

20 1 ! 

21 N 

30 2 

.11 0 

37 0 

39 7 

29 1 

38 4 

97 50 

98 22 

97 95 

'19 SO 

99 25 . 

! 

98 93 

9K ti7 

9N 111 

9N 12 

Nil 20 

99 35 

98 39 

2 1.1 ! 

1 .11 

1 SO 

0 05 1 

0 .VI 

1 07 

0 90 

I 10 

1 (Ml 

1.1 4N 

0 48 

1 28 

0 3.5 

0 4.i 

0 25 

0 15 ! 

0 25 

0 Ml 

0 41 

o 2ft 

0 2N 

0 32 

0 17 

0 33 

0 f» 

1 X2 

2 2 

0 5 ! 

1 0 

1 5 i 

2 5 

, 2 

5 ft 

28 2 

0 3 

0 8 

7H 8 

(18 9 

ft* 0 

S2 5 , 

77 0 

71 2 , 

111 1 

12 :i 

45 2 

35 7 

78 0 

60 0 

fl 4 1 

4 2 

5 8 

0 9 | 


1 2 ! 

1 4 


0 N 


2 8 

2 2 

2 ft ! 

1 7 

1 4 

0 2 ! 

0 1 

Tr 

Tr 

0.0 

0 0 

0 0 

0 0 

0 0 

AH 5 , 

42 9 

30 3 

22 2 j 

i 


30 ft 


35 8 

37 0 

24 0 

28 3 

97 r» 



92 5 1 

J 



' 

98 0 



9ft 4 


petroleum contnin paraffine, between 4 and 8 per cent of sulphur and 
between 30 and 50 per cent of saturated hydrocarbons. In distilling 
Mexican petroleum, it is necessary to use a large supply of steam to drive 
off as much sulphur as possible, and increase the ductility of the residual 
asphalt, as the sulphur adheres unusually tenaciously to the hydro¬ 
carbons, including even the distillates. Residual asphalts obtained from 
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Trinidad asphaltic petroleums are practically free from paraffine, con¬ 
tain more than 1$ per cent of sulphur, and 25 to 35 per cent of saturated 
hydrocarbons. a 

The weather-resisting property of residual asphalts varies, depending 
upon the following circumstances: 

(1) The crude petroleum from which they were derived. Other things 
being equal, asphaltic petroleum produces the most weather-resisting 
residues, mixed-base petroleum comes next, and non-asphaltic petroleum 
produces residuals having the least weather resistance. 


100 
90 

eo 

70 
90 
50 
40 
50 
to 
10 
0 

Temperoture, Degrees Fahrenheit 

Fia. 1X3.—Chart of Physical Characteristics of D-Grado California Asphalt. 
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(2) The care with which the distillation has been performed. If the 
residue is badly decomposed or " cracked ” as evidenced by the presence 
of free carbon or carbenes, its weather-resisting properties will suffer in 
proportion. 

(3) The extent to which the distillation has been carried. Soft grades 
of residual asphalt carrying a large percentage of oily constituents (Test 
38«), will stand the weather better than those from which the oily con¬ 
stituents have been removed by driving the distillation to a point where 
a hard and brittle residual asphalt remains. 

In general, residual asphalts of the highest quality we inferior in 
weather-resisting properties to native asphalts, blown asphalts, wurtailite 
asphalts and fatty-acid pitches, upon comparing respective products of 
the same fusing-point and volatility. They are superior, however, to 
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corresponding sludge asphalts and pitches derived from rosin, wood, 
peat, lignite, coal and bones. 


SLUDGE ASPHALTS 


Sludge asphalts are produced in much smaller quantities than 
residual or blown asphalts. They are derived From the purification 
of various petroleum distillates by means of sulphuric acid (p. 278). 
The crude naphtha, kerosene and lubricating oils are treated in this 
manner in the form of apparatus known as an “ agitator," illustrated 
diagrammatically in Fig. 114, consisting of a cylindrical vessel A with a 
conical bottom and dome-shaped top //, 
holding up to 2400 barrels of the distil- 

late to l)c treated. The agitator is lined / , \ 

with lead containing alxiutfi (>er cent of I A--—.—Am 

antimony. The distillate is introduced \ 

through the pipe />, the acid or caustic \ j° 

soda through the pijx; //, and the air for \ f E 

agita'ing the mixture through the line E. 

Pipe r is attached to a swivel so that it j 

may lie raised or lowered by a chain./, / 

and serves to draw off the purified oil. 1 'V / 

The sludge is removed through the valve “ t j j; 

F, and 0 represents the acid tank. ^ | j 

Naphtha is purified with 2 to 4 lb. of J 

commercial sulphuric acid (00° Baumf) I'm. lit — Aiiparntus for the Acid- 
, . , ninhcutiisi of Petroleum l)w- 

per barrel of 50 gal. (alxiut 0.5 per cent tj ,| il(f)) 

by volume), and agitated for half an 

hour. The acid after Ixiing allowed to settle is drawn off and constitutes 
the “sludge.” The distillate is next washed with water, introduced 
through the pipe F, then made alkaline with caustic soda solution (4 to 
10° Baume) and finally washed with water until it is neutral. 

Crude kerosene is treated in a similar maner. It is first agitated 
with 5 to 10 lb. of sulphuric acid (06° Baumf) per barrel of 50 gal. (equiva¬ 
lent to about 1.5 per cent by volume) for one-half hour. The acid settles 
in three to five hours, when the “ sludge ” is drawn off. The kerosene is 
next washed with water, then with a 4 to 10° Baum4 solution of caustic 


soda and finally with water until it is neutral. 

Crude lubricating oil is similarly agitated with 20 to 50 lb. of sulphuric 
acid (66° Baumd) per barrel of 50 gal. (equivalent to about 3 per cent 
by volume) for one to two hours, and allowed to settle from four to six 
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hours. The greater the percentage of acid used, the lighter will be the 
color of the refined lubricating oil. The stock is then washed with water, 
transferred to a “ lye agitator,” treated with caustic soda (1 to 6° Baumd) 
until it becomes alkaline, and finally washed with hot water until neutral. 

The so-called “ sludge asphalt ” is present in the sulphuric acid sludge, 
which on cooling forms a black viscous mass. No asphalts are obtained 
from the caustic soda washings in the case of petroleum refining. The 
alkali is merely used to neutralize the sulphuric acid retained mechanically 
by the oil, thus differing from its action in the refining of peat and lignite 
tars. (See p. 214.) 

The acid sludges obtained from the purification of naphtha, kerosene 
and lubricating oil are combined and treated according to the process of 
John L. Gray. 1 The sludge is digested with water, air and steam in a lead- 
lined receptacle, whereupon the lighter oily constituents rise to the surface, 
a heavy residuum settles to the bottom, and the acid passes into the 
aqueous layer. The lighter oils are withdrawn and the boiling continued 
until all the acid separates. The residuum is then washed with water, 
and heated by a spray of superheated steam until it is converted into 
sludge asphalt. The further the distillation is continued, the greater the 
fusing-point and hardness of the sludge asphalt. The recovered oil is 
known as the “acid oil distillate.” The dilute sulphuric acid (specific 
gravity of 30 to 50° Bauml) is concentrated, first in leaden pans, and 
finally in an iron still until it attains a gravity of 6(5° Baum<j, when it is used 
over again. 

Sludge asphalt tests as follows: 


(Test 1) Color in mass ... Black 

(Test 2a) Homogeneity to the eye at room temperature . Uniform 
(Test 26) Homogeneity under microscope Variable 

(Test 3) Appearance surface aged indoors one week .. Bright 

(Tost 4) Fracture. Conrhoidal 

(Test 5) Lustre. B «* ht 

(Test 6) Streak on porcelain . Black 

(Test 7) Specific gravity at 77® F. 1 O.V 1 20 

(Test 96) Penetration at 77° F.ISO - 0 

(Test 9c) Consistency at 77° F. 5-100 

(Test 9rf) Susceptibility factor. 40-60 

(Teat 10) Ductility at 77° F. 0 

(Test 13) Od.r on heating. Oily; similar to resid¬ 

ual asphalt 

(Tert 14a) Behavior on melting. rapidly from 

the solid to the liq¬ 
uid state 

(Tsrt 15a) Fuaing-point (K. A S. method). 80-225® F. 

(Test 156) Fusing-point (B. A R. method) . 100-250® F. 

(Teat 10a) Volatile matter 500° F. in 4 hours. 2- 20% 


i U. 8. Pats. 923,427, 923,428, and 923,429, dated Jun. 1, 1909 to J. L. Gray; also 564,975 cA 
A** 4, 1800, to Richard Dean, 
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(Te*t 17a) Fla»h-point 

(Tent 19) Fixed carbon 

(Test 21a) Solubility in carbon disulphide 

(Twit 216) Non-mmcral matter insoluble 

(Twit 2If) Mineral matter 1 

(Test 22) Carbones 

(Test 23) Solubility in 88° naphtha 

(Tost 28) Sulphur 

(Test 30) Oxygen 

(Test 33) Paraffine 

(Test 34) Saturates! hydrocarbons 

(Test 35) Sulphonation residue 

(Test 37) Sa|M>uifiable constituents 

(Test 38a) Free Asphallous acids 

(Test 386) Asphaltoua-acid anhydrides 

(Test 41) Diaio reaction 

(Test 42) Antlirai|iii;iune r ■■■ lion 


300 500* F. 

5- 30% 

95 100% 

0- 5% 

0 1 % 

0 -15% 

GO 95% 

5 10% 

3- 7% 

0 |% 
less than 10% 
80 1*5% 

0 2 %> 

?-ess than 2% 
1 /ess than 21% 


Sludge asphalts arc characterized bv the folhuviug features: 

(1) Their intense Mark streak. 

(2) Their high suseeptiliility factor which distinguishes them from 
blown asphalts. 

(3) The high percentage of sulphur. 

(■4) The high percentage of oxygen, which distinguishes them from all 
other forms of asphalt and constitutes one of the most dependable tests 
for identifying sludge asphalts. 

(">) The very small percentage of paraffine which distinguishes them 
from residual asphalts obtained from mixed-base petroleum. 

(ti) The extremely small [rercentage of saturated hydrocarbons which 
serves to differentiate sludge asphalts from all other asphaltic products. 

(7) The comparatively large percentage of sulphonation residue which 
distinguishes them from pitches. 

(X) The negative diazo and anthraquinone reactions which distinguish 
them from pitches derived from wood, |>e,'it, lignite, coal, shales and hones. 

(!l) The large solubility of the harder grades in 88° naphtha, whieh 
distinguishes them from residual asphalts of the same hardness and fusing- 
point. 

Attempts have licen made to blow sludge asphalts, but without suc¬ 
cess, as the blowing process merely serves to harden them, without appre¬ 
ciably lowering their susceptibility factor. 

Typical samples of sludge asphalt examined by the author gave the 
results included in Table XXVII, p. 30(1. 

Sludge asphalts do not withstand the action of the weather as well as 
native asphalts, blown asphalts, residual asphalts, wurtzilite asphalt or 

1 Sludge asphalts all carry trace* of lead, derived from the leaden vessels in which they are produced, 
width n carried into solution by the sulphuric acid. The presence of lead will serve to identify sludge 
asphalts, and differentiate them from all other asphaltic substances The authors investigation/ 
revealed lead varying in amounts from 0.05 to 0.25 per cent 
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fatty-acid pitch, comparing respective products of the same fusing-point 
and volatility, or of the same hardness and volatility. They are substan¬ 
tially equal in weather-resistance to the corresponding grades of pitch 
derived from coal and bones, and are superior to those derived from 
rosin, wood, peat and lignite. In practice, they are usually fluxed with 
other forms of petroleum asphalt, rather than marketed in their pure 
state. 


TABLE XXVII -CHAKACTEHISTICS OF TYPICAL St.mUE ASPHALTS 


No I 

Tout 

Fro 

a Various Soiirei 

1, Mostly Mixtures 


l‘by steal ('hanutrrmlu’H 







2a 

Homogeneity to oyo nt 77° F 

Homo 

Homo 

Homo 

Homo 

Homo 

Homo 

2b 

Homogeneity under microscope 

Homo 

Homo 

Homo 

Homo 

Homo 

Homo 

3 

Appearance surface aged 7 days 

Itnght 

bright 

bright 

bright 

bright 

bright 

4 

Fracture 



Com h 

Conch 

Conch 

Conch. 

ft 

Lustre 



bright 

bright 

bright 

bright 

0 

Streak. 

Itlack 

black 

black 

black 

black 

black 

7 

Specific gravity at 77° F 

1 057 

1 0.12 

1 008 

1 000 

1 070 

1 155 

ftc 

Consistency at 115° F 

0 0 

0 0 

0 0 

0 0 

43 1 

50 7 


Consistency nt 77° F 

3 4 

7 1 

17 ft 

10 0 

K7 0 

05 2 


Consistency at 32° F 

42 2 

ft 8 8 

71 8 

8.1 4 

> ns) 

>100 

ft./ 

Susceptibility factor 

4ft 7 

ftU ft 

(.1 8 

.11 1 

> ftO 

> 50 

106 

Ductility in cum at 115° F 

7 

Ift 

4ft 

3 .1 

0 

0 


Ductility in cins at 77° F 

38 

82 

18 

0 7.1 

0 

0 


Ductility in ems at 32° F 

1 ft 

0 

0 

0 , 

0 

0 

11 

Tensile strength in kg at lift 0 F 

0 t) 

0 1 

0 3ft 

1 3 

3 0 

3 5 


Tensile strength in kg nt 77° F 

0 1 

1 1 

3 8ft 

.1 1 

7 ft 

8 2 


Tensile strength in kg at 32° F 

It) ft 

4 ft 

3 0 

8 0 

ti 0 

ft ft 


Heat Tint* 







1'mi 

Fusing-point, deg F !>v K S method 

8ft 

uu 

lift 

lt.0 

203 

210 

Iftft 

Fusing-point, deg F by H At K method 

101 

113 

131 

I7S 

22ft 

230 

10 

Volatile, 500° F in 4 hrs , per cent 

3 O 


7 0 

2 ft 

4 8 

ft 0 

17a 

Flash-point, deg F 

17ft 

.100 

130 

180 

482 

48(1 

1ft 

Fixed carbon, per cent 

8 8 

IS 3 

If. 1 

22 0 

30 2 

2ft 4 


Solubility Tt tlx 







21a 

Soluble in carbon disulphide 

US US 

UU 72 

00 .11 

00 23 

00 ftO 

07 50 

216 

Non-mineral matter insoluble 

0 00 

0 20 

0 38 

0 72 

0 40 

2 43 

21c 

Mineral matter 

O 12 

0 08 

0 11 

0 Oft 

0 10 

0 07 

22 

Car hem's 

0 0 

0 2 

2 3 

1 0 

1 2 

13 2 

23 

Soluble in 88° naphtha 

U3 2 

04 0 

7,s 7 

71 r» 

Mi 8 

02 2 


Chemical Test* 







?8 

Sulphur 

8 7 

7 8 

ft 4 

7 ft 

<i 2 

8 3 

33 

Paraffine 

0 ft 

t) 4 

0 2 

0 2.1 

0 1 

0 1 

34 

Saturated hydrocarbons 

D O 

8 ft 

7 2 

ft ft 

4 8 

3 ft 

35 

Sulphonation residue 

82 1 

88 0 




93 2 




CHAPTER XX 

PARAFFINE WAX AND WAX TAILINGS 

PARAFFIN!: WAX 

Tut; commercial source's of pyrogenous paraffine wax are: 

(!) Pent tar; 

(2) Lignite tar; 

(3) Shale tar: 

(I) I’arafline-lioaring petroleums. 

The peat distilling industry is comparatively unimportant and does 
not form a factor in the production of paraffine. The lign (e industry 
has only attained commercial importance in Germany, and the shale 
industry in Scotland. The treatment of parufline-lieiiriiig petroleums 
for the recovery of paraffine is important the world around. The methods 
for recovering paraffine wax from lignite tar, shale tar and [icfmlcum are 
substantially the same. In the ease of lignite tar, the paraffine wax is 
obtained from the distillate frnctioned after the crude oil, known as the 
“ paraffinueeous mass" (p. 211). With shale tar the paraffine wax is 
obtained from the distillate known as “ heavy oil," distilling after the 
“intermediate or gas-oil” (p. 222). With paraffine-ls-aring |H‘troleums, 
the paraffine wax is obtained from the fraction known as the “ paraffine 
distillate,” 

In all three cases the. following stops are generally pursued: 

The distillate containing the paraffine is first chilled to 20 to 25° F. 
by forcing it through a series of jacketed (i in. pi|ies. Brine cooled to 15 
to 20° F. is circulated through the jacket, and the distillate containing the 
paraffine is forced through the inner pipe by a slowly revolving spiral con¬ 
veyor, which continually keeps the distillate moving as it solidifies, thus 
tending to granulate it and thus make it easier to filter. 

The cooled and solidified distillate having the consistency of heavy 
mush is transferred to high-pressure filter presses provided with canvas- 
covered plates, and while still cool filtered at a pressure of 300 to 350 lb., 
causing the pressed oil to separate from the “slack wax.” 

The slack wax still contains lietween 30 and 50 per cent of oily matters 
which arc separated by a process known as “ sweating.” A “ sweater ” 
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(Fig. 115) carries 8 to 10 superimposed shallow pans (18 by 20 by 1 ft.), 

each provided with a wire gauze 
diaphragm A stretched across longitu¬ 
dinally 6 in. below the top, also: 

(1) An inlet for introducing the 
melted slack wax. 

(2) An inlet pipe for water. 

(3) An outlet pipe C connected 
with the bottom of each pan at its 
centre. 

(4) A water-circulating coil B 
directly above the diaphragm through 
which cold water is first circulated to 
chill the wax, followed by warm water 
to induce the “sweating.” 

(5) A steam coil directly below the 
diaphragm to melt down the wax after the sweating process is completed. 

The operations are performed in the following rotation: 

(1) The pans are first filled with cold water to | in. above the level 
of the screens. 

(2) The melted “ slack wax ” is pumped into the pans to a depth of 
4 in. and allowed to float on the water. 

(3) Cold water is then caused to flow through the water-circulating 
system, which causes the slack wax to set into a solid mass. 

(4) The water is then drawn off, whereupon the cake of solid wax 
settles upon the wire diaphragm. 

(5) Warm water is then caused to flow through the water-circulating 
coils at a temperature just below the melting-point of the wax, which 
causes the oily matters to liquefy and “sweat out ” from the crystals of 
paraffine, with the result that the purified paraffine now known as “ crude 
wax ” remains on the wire gauze. The oily matter carrying a small pro¬ 
portion of wax in solution, known as “ foots oil ” is drawn from the pans. 
The purified paraffine wax is melted by turning steam into the melting- 
down coils and drawn from the pans into a separate container. It takes 
about twenty-four hours to properly sweat a batch of slack wax. 

The foots oil is put through the chilling process a second time to 
recover any dissolved wax, which when separated is known as “ crude 
scale wax ” (see chart page 278). 

The crude wax and the crude scale wax are decolorized by filtering 
through fuller’s earth in vertical cylindrical tanks heated to 180° F. The 
melted wax is allowed to run through the filters by gravity from an over* 
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head storage tank where it is maintained in a melted condition. The 
filters are from 15 to 20 tons’ capacity, the fuller’s earth being supported 
on a finely perforated false bottom. One ton of the earth will decolorise 
5 to 6 tons of the wax. 

When the fuller’s earth loses its efficiency, which is evidenced by the 
filtrate no longer remaining clear in color, the flow of wax is shut off, the 
filter bed thoroughly drained and washed with naphtha to remove any 
wax retained mechanically. Any naphtha remaining in the filtering 
medium is recovered by introducing steam ami passing the vapors through 
a condenser. The wax removed by the naphtha is recovered by distilla¬ 
tion, and added to the unfiltcred material. 

The fuller’s earth may lie rejuvenated by heating in a suitable kiln, 
after which il can Ik 1 used over again without loss in efficiency. 

The filtered products obtained from the crude wax and crude scale 
wax are known as “ refined paraffine wax ” and “ refined scale wax ” 
respectively. These are pumped into moulds and allowed to solidify. 
The wax must !>c chilled very quickly to form the opaque white mass 
demanded by the trade, otherwise it will appear translucent, which is 
undesirable. 1 

Paraffine wax, including both the “ refined paraffine wax ” and the 
“ refined scale wax ” tests as follows: 


(T. st 1) Color in imww Pun* whit® to yellowish 

(Test 2a) Homogeneity to the rye at room temperature Uniform to slightly crys¬ 
talline 

(Test 2e) Homogeneity a hen melted . Uniform and transparent 

(Test 4) Friwtiir** . Conchoidal to hackly 

(Test 5) Lustre . Dull anti "waxy" 

(Tost 0) Streak .White 

(Test 7) Specific grimly at 77° F . 0 85- 0 95 

(Test Or) Consisteney at 77° K . . 15 80 

(Teat 9d) Susceptibility factor .. . . > KXJ 

(Test 10) Duetility at 77° F . 0 

(Teat 14a) Behavior on melting. Passes almost instanta¬ 

neously from the solid 
to the liquid atata 

(Tout 15a) Fusing-point* (K A 8 method). 100 150° F. 

(Teat 156) Fusing-point (B A R. method). 10&-I60* F. 

(Teat 10) Volat lie matter . Comparatively great 


•"Mineral Waxes," Rudolf Gregorious, Ixmdon. 1908; "Shale Oils and Tara," by Dr. W, 
8 cheithaurr, London, 1913; "Industrial Chemistry," by Allan Rogera, 2d edition, p. 512, New 
York, 1915; "The American Petroleum Industry," by Bacon and Hamor, Vol. 2, pp. 460 and 
753, New York, 1916. 

* The fusing-point of paraffine wax if generally determined by the ao-ealled "English method," 
which consists in cooling the melted wax, with a thermometer immersed in the mass. The drop 
io temperature and time intervals are carefully noted. When the temperature remains constant 
for an appreciable interval, the wax is said to have reached its fusing or "melting-point." Accord* 
ing to the "American method,” the melting-point is reached when cryatali of paraffine fir* 
appear on the surface of the cooling wax, but is often arbitrarily calculated by adding 3* F. to 
the melting-point ascertained by the English method. 
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(Teat 17a) Flash-point. ... Comparatively low 

(Teat 18) Burning-point . Comparatively low 

(Teat 10) Fixed enrhon . 0-2% 

(Teat 21a) Solubility in carbon diaulphide . 99-100% 

(Teat 21b) Non-mineral matter inaoluble ... Trace 

(Teat 21c) Mineral matter . . Trace 

(Test 22) Carbones. .. . 0% 

(Test 23) Solubility in 88° naphtha 99-100% 

(Test 24) Solubility in other solvents (weight solvent re¬ 
quired to dissolve 1 gram of paraffine at 
room temperature): 



Carbon disulphide 

7 A 


Petroleum other 

8 5 


Turpentine 

10 1 


Chloroform. 

41 3 


Benzol 

J50.3 


Ether 

so x 


Acetone. 

378 7 


Absolute ethyl alcohol 

433 (5 


Amvl alcohol 

493 3 


Methyl alcohol 

1417 5 


filarial acetic acid 

1008 0 

(Teat 2fi) 

Carbon 

84- 80% 

(Tost 27) 

Hydrogen 

13- 15% 

(Tost 28) 

Sulphur 

Trace 

(Teat 29) 

Nitrogen. 

Absent 

(Tost 30) 

Oxygen 

. Trace 

(Tost 33) 

Paraffine 

93 100% 

(Tost 34) 

Saturated hydroearbons 

90 90% 

(Tost 3/5) 

Hiilphonntion residue 

03 1(H)'; 

(Tost 37) 

Saponifiable constituents 

O', 

(Tost 41) 

Diazo reliction 

No 

(Tost 42) 

Anthraquinone reaction 

No 


Paraffine wax is remarkably resistant to the action of chemicals, Imt 
on exposure to the weather the oily constituents soon evaporate, leaving 
a pulverulent and Imt slightly coherent mass behind. This is not due to 
oxidation, but merely to volatilization of the oils present in the wax. 

Paraffine wax withstands the continuous action of water very well and 
finds a ready market for preparing waterproof papers, for manufacturing 
candles, for household purposes, etc. 


WAX TAII.INOS 

This product is obtained during the dry distillation of non-asphaltic 
or mixed-base jx-troleum. The residuum left in the retort at the end 
of the first distillation is subjected to a second process of dry distil¬ 
lation, whereupon the wax tailings distils over just prior to the forma¬ 
tion of coke. (See p. 282.) Wax tailings is sometimes termed “ still 
wax,” although l>oth these names are misnomers, since it contains 
only small quantities of paraffine wax. It consists largely of decomposi¬ 
tion products, including chrysene, picene and anthracene, and has a decided 






PAHAKHXK WAX AND WAX TAIUMiS 


311 


yellow color, by which it is recognized during the process of distillation. 
Upon cooling it forms a very viscous semi-liquid to sticky semi-solid of a 
characteristic light yellow to yellowish brown color. It complies with the 
following tests: 


(Ti-rt 1) Color in in turn 

(■Brat ’2u) Honiog.-m-ity to the* «•><• Ht room tempe-ratun* 
(Tost 2b) Homog.-mitv under micronc-ope 

(Tort 3) Appearance aurftic- indoor" 

(Tost 5) LtiMro 

(Tort 6) Streak on porn-lam 
(Tost 7) Sporifi* gravity «1 77'’ t 

(Tint Or) Conai-itoncv at 77“ K 

(T'-st 0d) Snacoptiliilit v l.n tor 
(Tort 10) Ductility .it 77“ K 
(Tint 1 11 <>d<»r on hoating 

(Tost M-i) Mi-havior on tin Iting 


( r<-rt I .Vi) Fu-ung-|w>mt (K AS mi-tlind) 

(Ti-rt 10a) Volml - matt'-r at VX)’ I'. 4 lira 

(Tmt 17a) Fladi-poitit 

(Tort I'M Fixed oarliori 

(Tmt 2l<i) S'llulnlitv in rarlxin dnoilplndo 

(T«rt 21M Nori-imni ril Karat It r i.miluhli- 

(Tent 2in Miturai mutt<-r 

(Tost 22) C irbonos 

(Tost 2J) Solubility hi S8 3 nnplitli'i 

(Tost 2S) Sulphur 

(Tost '10) Oxygon 

(Tost .12) Naphthalene 

(Tost 31) Paraffine 

(Tost 4f) Saturat'd hvdrootirhona 

(Tost .Ci) Sulphunntion r udm* 

(Tost 37) SatKiiiifinhlo <onstiiiiotitn 

(Tist II) Diaio reaction 

(Tost 12) Anthrnqumotio roartion. 


Yellow to yellow mb hrown 
Uniform to very "lightly 
granular 

Uniform to gritty (due to 
the er>Malhne conrtil- 
uenta present) 

Variable 

Waxy 

Palo yellow 
1 00 1 10 
5 20 

20 10 

Uaually quite high 
Oily 

Pasaeii vorv rapidly from 
the eolid to the liquid 
"lati¬ 
no 100° F 
ft-io *; 

300 4ft0° ) 

2 S'. 

OH 100', 

0 2 ', 

0 Trm o 
0 Truro 
lift l«o\ 

0 Trnoo 
0 2*, 

Abu-lit 


4<i 70';. 
1HI 100% 
Trace 
No 
Yf" 


Wax failing' is an exceedingly Rood flux, and will thoroughly amalgamate with 
the harder asphdts and usphaltites. including oven graharnite It forma a Ixdfei 
'lux than the rc-mlml oiIh derived from asphaltic |>otrolou!n. A very small |M‘r- 
rentage "ill often serve to thoroughly flux materials which are otherwise ineom- 

pitilde, and at the same time inrrea«e the ductility of the mixture. Certain as¬ 

phalts although they may flux together at high tem|M;ratures, will separate partially 
on oooimg, forming a very finely granular condition, which is particularly noticeable 
when the surface of the mixture is freshly disturb'd, or upon drawing a small 
jiellicle into a thread The presence of a small jiercentage of wax tailings will 
often prevent this, and it therefore enjoys a unique position among the fluxes. 
Large quantities, however, should Ik? avoided as wax tailings is extremely susceptible 
to changes in temperature and lacks weather-proof properties. The presence of 
wax tailings will increase the solubility of asphaltic substances in petroleum dis¬ 
tillates, and accordingly becomes useful for manufacturing certain types of bitu- 
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minous paint. A representative sample of wax tailings tested by the author ga\ 
the following results: 


(Trot 9c) Consistency at 115° F. 

Consistency at 77° F. 

Consistency at 32° F 
(Test Od) Susceptibility factor.. . 

(Trot 106) Ductility at ll.V F 

Ductility at 77° F . . 
Ductility at 32° F» 

(Test 11) Tensile strciiKth at 115° F 
Tansilc strength at 77° F 
Tensile strength at 32° F 
(Test 15a) Fu«niK-point (K S method) 
(Test 155) Fusmjc-point (H & II method) 
(Test 17a) Flash-point 


0.0 
5 9 
22 9 
25 0 
1 1 
3 9 
13 5 
0 0 
0 5 
9 5 
90° F 
98° F. 

382° F 


The production of wax tailings is not largo, and it is not, therefore, of great impor¬ 
tance to the asphult industry. 









CHAlTKIi XXI 

WURTZILITE ASPHALT 

Wiiitziute asphalt nr wurtzilite pitch, marketed under the name of 
" kapak,” is produced by cracking or dcpilymcrizing wurtzilite (p. irk)). 
It is similar to the latter in its physical characteristics with the excep¬ 
tion of: 

11) 'The hardness, which is very much reduced. 

(2) Its fusibility. Treated wurtzilite is fusible whereas crude wurtzi¬ 
lite is not. 

(:() Its solubility. Treated wurtzilite is readily soluble in carlsin 
disulphide, and moderately so in KS" naphtha, whereas the crude product 
is practically insoluble in both. 

The process consists in heating the wurtzilite in a closed vessel 
or still to a teni|>orature of .->1)11 to 580° I - ., iiiidi'r more or less pressure. 
Vapors are evolved during the process which are condensed and returned 
to the still, and in turn attack the wmtzilite, first reducing it to a plastic 
mass, which after heating is converted into a fusible substance. If the 
vapir pressure becomes too gicat, some is allowed to esca|K>. The proc- 
css which takes place is virtually a “ de|silymerization " (see p. W). 1 

In practice, the wurtzilite is first run through a crusher to break up 
any coarse lumps, and then fed into a horizontal cylindrical still through 
two charging hoppers, one at either end, provided with tightly fitting 
covers which are fastened int > place before the fires are started. The 
bottom of the still is protected by a fire-brick arch, and the products of 
combustion after passing underneath the arch, are returned in three 
fire-flues running through the still (one 1(1 in. in diameter and two (1 in.), 
and thence back aga ii in the space surrounding the still, alsive the arch. 
The vapors generated from the wurtzilite pass upward through two pijies 
joined to the top of the still, near the ends, and connected with a single 
water-cooled coil, which condenses the vapirs and returns most of the 
condensate to the still. Not all the condensate is returned, however, for 

1 r S r»ti 61(1.017 of IVc 13, isos. 617,706 of J»n 17. ISM. »nd 620.0S2 of Fob 21. 
1 SW, all to (’ E Anthony, O.V.,130 and S.VVI3I of July 31. 1'KIO nlno 716.7S7 of Hon. 23, 1962, 
•II to II M Thompson. 734.4H2 «n.l 734 4H3 of Jnly 21, 1903 to S R. Whltnll. 766,101 of 
Amt 23. 1904 to F M Wltttall. S64.S36 „f Sopt 3. 1907 to W. F. Dorrflinpr nnd I.. H. Buck: 
964,240 of Feb. 14. 1911 to J C. Host. 
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practice has demonstrated that the optimum results are obtained if 
2 to 5 per cent of the distillate (based on the weight of wurtzilite charged 
into the still) is drawn off. This may be used as fuel under the still. 

The longer the wurtzilite is heated in its process of manufacture 
the greater the quantity of oils produced, which act in the same manner 
as a flux, and hence lower will be the fusing-point and hardness of the 
resultant product. 

It takes six to eight hours to raise the temperature of the charge to 
400° 1*\, then four to six hours to reach the maximum temperature (580° 
F.), which is maintained from twenty-four to thirty-six hours. The 
contents are then allowed to cool to 450° I 1 '., and finally drawn off through 
a valve at the bottom. 

According to the author’s investigations, Nova Scotia albertite is 
also amenable to this process, although up to the present time it has not 
been treated thus commercially. 

The wurtzilite products are marketed under various arbitrary numbers 
ranging from “ 0 ” to “ lfi,” earli of which is recommended for a specific 
purpose, including the manufacture of paints and varnish, insulators, for 
manufacturing insulated wire, for weather-proofing conduits and cables, 
as a filler for mechanical and hard rubber compounds cured by the press 
or open steam method, for coating prepared roofings, for manufacturing 
carriage drills and similar compositions applied by the calendar process 
and cured by the dry heat method, etc. Certain of these compounds 
represent mixtures of wurtzilite asphalt and gilsonite, with or without 
the addition of asphaltic fluxes (e.g. residual oil), and vegetable oils 
(c.g., linseed oil, palm oil, etc.). 


Wurtzilite asphalt complies in general with the following characteristics: 


(Test 11) Color In mass 

Black 

(Tout 2«) Homogeneity to t ho eye at room temperature 

Uniform 

(Test 26) Homogeneity under microscope 

Uniform 

(Test 3) Appearance surface uged indoors one week . 

Very bright 

(Tast 4) Fracture 

Uonchoidal 

(Teat 5) Lustre . . 

Bright 

(Test fl) Strekk on porcelain 

Brown to black 

(Teat 7) Specific gravity at 77° F. 

1 04- 1 07 

(Teat 9c) Consistency at 11.»° F. 

10 - 25 

Consistency at 77° F. 

. 20 - SO 

Consistency at 32° F. 

50 -120 

(Tost 9 d) Susceptibility factor. 

30 - 40 

(Teat 106) Ductility at 115° F. 

1 - 5 

Ductility at 77° F . 

0 - l 

Ductility at 32“ F . 

0 

(Teat 11) Tensile strength at 115° F 

1 - 4 

Tensile strength ut 77° F 

5 - 10 

Tensile strength at 32° F 

8 - IS 

(T»at 15a) Fusing-point (K. 4 S. method) 

. 150 -300° F. 
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(Test 

MM Fusing-point (B and R method) 

170 

32.1" F. 

(Test 

I»wj) 

\ ..Intil.- matter, .WU 0 F, 4 hour* 

Pea* 

than y,< 

(T-t 

17«i> 

Flash-point 

4.W 

000 ° K 

er.st 

111 ) 

Fuwl carbon 


2.VJ 

(T.-t 

2In) Solubility hi carbon disulphide 

•IS 

I00‘, 

(Test 

216) 

Ntm-nunerni matOr insoluble 

0 

r; 

[Tvst 

21 r) 

Mineral matter 

Tr 


(TVm 

22 ) 

Carlienca. 

t) 

2 *. 

(T.st 

2 .») 

•SiluhilitV it) KH° im|i)it lin 

:.o 

Htc; 

(Tot 

2 H) 

Sulphur 

4 

ti*; 

(Tct 

an) 

OlMC-ll 

0 

2 '; 

(T.-i 

:u) 

Partition- 

0 

Tract* 

(r. s. 

30 

Saturali-il hydro. -irboiis 

:» 

I2‘ 

(r< 

.*.i> 

Sulphonation residue 

IN) 

«.v ; 

(T.st 

.17) 

SapomluiMr const it u< nts 

Tra« 

t> 

(T.-| 

II) 

Diaro r*-in tmn 

No 


(Test 

42) 

\ ill lira.pillion. r> H-tioii 

No 



S|K»rimp»H of tin* unfliixod wurt/ihfc .-i<ph:dt o\:tinim*<l l»v lho author (4»Ht4si n« 
follow *» ‘ 


— 




- -- 


No tt 

No 1 

No r. 

No It. 

T.st Or' ('oi>Mi«tfh« \ at 11 .*» ’ I- 

22 U 

IH 

i.i i) 

II 7 

('oii-.i-0.-ury at 77° F 

4o «. 

41 H 

:»k r» 

32 4 

(’oii-usU'iirv at •12° F 

110 0 

1)2 2 

HO ti 

71 I 

i l\ st (),/) Siisc. ptilnlitv factor 

12 1 

3.1 1 

32 N 

31 2 

(Test 1 .Vi 1 Fiisinif-poml (K and S m.thod) 

2I.H 

220 

200 

IU0 

i Test |tgi) 1 )u> tilit\ at ll. r >° !■ 

2 

.1 

'1 

1 

Ductility at 77 u I- 

0 

: 0 

0 

1 

!)u<tiht> tit 32 t> F 

0 

1 o 1 

1 

0 

0 


Those figures indicate that the extent of softening and lowering of the funing- 
point is dejiendent iijkxi tin* extent to which the process of de|M>lvnicrizntion has 
progressed It. is interesting to observe in this conneetion that the suseeptihiltiy 
factor remains practically unchanged. 

Wurtzilite asphalt is characterized hy its low specific gravity, hinh- 
fusing-|x>int, low susceptibility factor, extreme toughness and mhls-r- 
like prn|*‘ities (i.e., resiliency), lugli-tensile strength, small jHTcentuges 
of oxygen and non-mineral matter, large percentage of sulphonation 
residue, and absenee of saponifiable constituents. 

It is quite similar in many res|teels to blown asphalts (particularly in 
regard to its susceptibility factor), but may Ik' differentiated from 
these by: 

(1) A greater hardness or consistency at 77° F. for any given fusing- 
point. 

(2) A greater tensile strength for any given fusing-point. 

(3) Smaller percentages of oxygen. 

(4) Smaller percentages of saturated hydrocarbons. 
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Wurtzilite asphalt is also similar in man)' respects to the fatty-acid 
pitches, especially in its toughness (resilience) and its low susceptibility 
factor. It is distinguished from these, however, by the following: 

(1) Its solubility in 88° naphtha, which is smaller than in the case 
of fatty-acid pitches. 

(2) The presence of sulphur, which is absent in the fatty-acid pitches. 

(3) The smaller percentage of oxygen. 

(4) The larger percentage of sulphonation residue. 

(5) The absence of saponifiable constituents. 

In other respects they are apt to test pretty much alike. 

Wurtzilite asphalt shows remarkable weather-resistance and finds its 
greatest use in manufacturing asphalt paints and for coating prepared 
nofings. Its use is limited by the small quantity produced, and the com¬ 
paratively high price at which it is marketed. 



CHAPTER XXII 

FATTY-ACID PITCH, BONE TAR AND BONE-TAR PITCH 

Tiiksk are classified together liecause all arc derived from substances 
containing animal or vegetable fats or oils, although in manufacturing 
Isine tar and bone-tar pitch the crude materials carry but a small projtor- 
tion. 

FATTY-ACID PITCH 

Various generic terms have lieon used lo designate this product, 
including candle tar, “ Kerzenterr " ((ierman), " goudrou ” (French), 
candle pitch, fat pitch and “ Feltpecli ” ((ierman). Specific names 
have also lieen applied, descriptive of the raw materials used in pro¬ 
ducing the pitch, such as stearin pitch, palm-oil, pitch, lione-fat pitch, 
cotton-seed-oil pitch, cotton pitch, cotton-stearin pitch, cot ton-sets I- 
foots pitch, corn-oil pitch, corn-oil-foots; pitch, packing-house pitch, 
garbage pitch, sewage pilch, fullcr's-grease pitch, wool pitch, wool- 
grease pitch, wool-fat pitch, cholesterol pitch, and stearin-wool pitch. 

The fattv-acid pitches are obtained as In-products in the following 
manufaet uring prticesses: 

(1) i’rixluction of candle and soap stocks. 

(2) Refining vegetable oils by means of alkalies. 

(ii) Refining refuse greases. 

(•{) Treatment of wool grease. 

The raw materials used include the vegetable oils and fats, animal 
oils, fats and waxes (wool grease), also the waste greases derived from the 
foregoing. Vegetable and animal fats and oils are combinations of the 
fatty acids with glycerin, known as “ triglycerides,” and illustrated by the 
following generic formula, in which “ R ” represents any fatty acid radicle- 

/)R 

c 3 h/-or 

\)R 

Fats and oils may be purified or refined in two ways: 

(1) By treating vegetable oils with a small amount of caustic soda 
to remove the coloring matter, free fatty acids and other impurities, with- 
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out, however, breaking up the triglycerides. This process is used for refin¬ 
ing vegetable oils when they are to be used for edible purposes. The resi¬ 
due is treated with mineral acid to break up the soaps, and then distilled 
with steam to recover the fatty acids, whereupon a residue of fatty-acid 
pitch is obtained. 

(2) By decomposing or “ hydrolyzing ” the triglycerides into glycerin 
and free fatty acids, and then distilling the latter with steam, whereby 
fatty-acid pitch is obtained as a residue. The object of distilling the fatty 
acids is to improve their color or odor and thereby adapt same (a) for the 
manufacture of candles (which are commonly light colored or white), 
or (6) for manufacturing soaps (such as toilet soaps, etc.) which must- 
be odorless and preferably light-colored. 

Production of Candle and Soap Stocks. These are obtained from 
various animal and vegetable oils and fats, also from waste greases. It 
is always necessary to subject the fatty acids to a process of hydrolysis 
and steam distillation for producing candles, but not for manufacturing 
soaps, unless the fatty acids are too dark in color for the character of soap 
required or possess a disagreeable odor, in which event they are purified 
by distillation. Various methods of hydrolysis may be used, but they 
all depend upon the same reaction, in which the triglyceride combines 
with water and decomposes into glycerin and fatty acids, as illustrated 
in the following equation: 

/OR /OH 

C 3 H s (-01t+3H ■ OH=(' 3 H/( >H+3 R OH. 

X OR \)H 

Triglyceride Water Glycerin Free Fatty Acid 
(fat or oil) 

It is necessary to hydrolyze the fats or oils before distilling the fatty 
acids, since the triglycerides themselves are not capable of being distilled 
without decomposition. The following methods of hydrolysis have !>cen 
used: 

(a) Hydrolysis by Means of Water. Formerly, water alone was used 
for the purpose, the fat or oil being heated in an autoclave with 30 per 
cent of its weight of water at 220 lb. pressure (corresponding to a tempera¬ 
ture of 200° C.) for eight to twelve hours. This decomposes the triglyceride 
into fatty acids and glycerin, but with water alone it is difficult to break 
down the fat completely. It has been found that the addition of 3 per 
cent of lime or magnesium oxide, and preferably the latter, assists the 
reaction and produces a larger yield of a 1 letter product, and at a much 
lower temperature. Accordingly the fat or oil is heated at 120 lb. pres- 
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sure in a horizontal or vortical cylindrical vessel provided with ft stirring 
device, with 20 to 25 per cent by weight of water and 3 |>or cent of 
lime or magnesium oxide. The breaking down of the fat is practically 
complete at the end of eight to ten hours, and in addition the color is very 
much letter, as there is less dccom|M»itiun, due to the lower teni|)ornture 
employed. The fats nr oils used for this purpose may consist of animal 
or vegetable tallow, palm oil. Imne fat. lard-or cotton-seed stearin (crystal¬ 
lized at low teui|>eraturos from lard or cotton-seed oil res|>ectivcly), shea 
butter, etc. 

At the end of the process, the free fatty acids rise to the surface and an' 
skimmed off, leaving the aqueous liquor containing the glycerin (together 
with the hydrated lime or magnesia, when the latter are used). The 
glycerin is recovered by a special process which, however, does not fall 
within the scope of this treatise. The fatty acids are subjected to steam 
distillation to deodorize and whiten them, also to purify them by separating 
any non-hyd roly zed fat. The fatty acids are run into lead-lined tanks 
where they are first treated with dilute sulphuric acid to remove any traces 
of magnesium oxide, etc., then washed with water, heated to expel the 
moisture, after which they are fed into a retort and distilled with super¬ 
heated steam with or without the use of vacuum. The fatly acids suitable 
for distillation should not contain more than 5 ]ier cent of non-hydrolyzed 
fat (neutral fat I nor more than (1.2 |>cr cent of mineral matter. To obtain 
a distillate of good quality, care should be taken not to distil the fatty 
acids at too high a tem|>crature as they are extremely susceptible to over¬ 
heating and deconi|Sisition into dark-colored hydrocarbons (unsa|ion- 
ifiablc), which would, of course, depreciate the value of the distillate. 
The still should be constructed so that the flames will not come into 
direct contact with the Isittom and cause local overheating. The 
tenqierature of the material in the still should preferably be maintained 
between 230 and 25U°(\, and although in certain instances it is |iennissiblc 
to reach a temperature of 270° under no circumstances should this be 
exceeded. 

Two methods are used for conducting the distillation. The first 
consists in continuously replacing the fatty acids, as they distil with an 
equivalent quantity of undistilled material, as long as the distillate shows 
a satisfactory color and is free from unsaponifiable hydrocarbons. The 
effect of the distillation is to concentrate the impurities and unsaponified 
(neutral) fats or oils in the still. The distillation conducted in this manner 
may be continued for five to six days lieforc it Incomes necessary to clean 
out the retort, which is then filled entirely with a soft fatty-acid pitch. 
The second method consists in replacing the distilled fatty acids for but 
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sixteen to twenty-four hours, then discontinuing the addition, and dis¬ 
tilling the contents of the retort until the distillate ceases to be of suitable 
quality, as is evidenced by a change in its color. The residue consisting 
of soft fatty-acid pitch is then drawn off into a separate still known as the 
“ pitch still,” the first still recharged, and the process repeated, until after 
a sufficient number of distillations a sufficient quantity of soft fattv- 
acid pitch accumulates for further treatment. It is claimed that the second 
method gives better results and yields a distillate lighter iu color and con¬ 
taining a smaller percentage of hydrocarbons. 

In either -axe the soft residue is distilled separately with superheated 
steam and vacuum. When the neutral fats increase in concentration to 
12 to 15 per cent they commence to decompose into hydrocarbons, some of 
which distil with the fatty acids anil some remaining with the residue 
This portion of the distillate known as "still icturns ” is accordingly 
caught separately and returned to the first.: still to be worked up with 
another charge of undistilled fatty acids, whence it derives its name. The 
final residue constitutes the so-called " fatty-acid pitch.” 

The following figures will give an idea of the yields from the fatty 
acids derived from fats and oils hydrolyzed by the treating with 2.(i to 
3 per cent of magnesium oxide at a pressure of nine atmospheres for 
eight to ten hours. 1 
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The distilled fatty acids are next separated into two portions represent¬ 
ing those of low and high molecular weights respectively, by cooling and 
crystallization. The mass is first cooled to a low temperature and filter- 
pressed. The filtrate known as the "saponification olein” is cooled 
again and repressed to separate any additional quantities of “ saponifica¬ 
tion stearin.” The latter is combined with the “ saponification stearin " 
separated from the first pressing which is then treated at a higher tem¬ 
perature in a steam-heated press to remove the last traces of “saponifica¬ 
tion olein.” The following yields are obtained: 


* Kapler, ('him h\r Fill-Unrt-Itul, f, 40, 1002, 



K.vrn -acid I'lrrii. itoNi: tap and konk-tau men ;m 


J*inijiii mg High 
M< Intig-|>oiiit 
Mi trui 
l’< r < t in 

II 4f. 
i: h. 
o 10 


Tin 1 saponification stearin may lie used fur manufacturing candles, 
in which event it is generally mixed with a certain |>crrentagc nf paralline 
wax, or in some instances it may he used for producing haul white soap- 
The sa|xmification olein may he used for manufacturing soaps or wihiI 
oils (cloth oils), or it may be concerted by a hydrogenation process into 
substances of higher melting-points, suitable for producing emnlles. 

(/») II i/ili'uli/xis In/ Munis uf limit iilintiil Sul/iliiii'if Anil. 1 The falser 
oils are first freed from moisture by heating to a tem|ieratiire of 120° (' 
It is essential that all the moisture be removed to prevent exressue 
decomposition. The mass is then ni/io//,v mixed with I to 0 per cent 
of concentrated sulphuric acid (00 to 07" liaume) and heated in a cylin¬ 
drical vessel provided with a mechanical agitator. The heating is eon 
tinned just long enough to break up the triglycerides and no longer 
The sulphonated mass is then immediatelv run into boiling water and 
agitated by a steam jet until the sulphonated acids hydrolyze. The 
mass is then allowed to stand quietly until tin' free fatty acids rise to 
the surface, leaving the glycerol and sulphuric acid in the lower layer. ' 

The fatty acids produced in this manner are dark colored and must 
be distilled. They are first washed with water until neutral, then heated 
to e\|X'l the moisture and finally distilled with su|x'rhea(ed steam with or 
without a vacuum as previously described, whereupon a residue of sufI 
fttlhl-ttatl jiitth is obtained. According to modern practice, this residue is 
again treated with concentrated sulphuric acid to hydrolyze any neutral 
fats remaining, and incidentally remove the accumulated mineral matter 
(including any copper or iron derived from the .-tills), ft is then washed 
free from the acid and redistilled, leaving a residue of medium to hurt! 
fulhj-ucid pilch. The dark colored distillate, known as “ still returns,” 
is worked up in small quantities with the crude fatty acids undergoing 
their first distillation. 

The yield of stearin known in this ease as “ distillation stearin ” is 
greater than that obtained in the aqueous process of hydrolysis, due to the 
fact that some of the olein (in this case known as “ distillation olein ” 

i (j Uosatjc-r, Chtm R>t Frtt-lfarz-Ind , II, 174, 1008 
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or “ distilled olein ”) is converted into a solid product (consisting of 
stearolactone, isomeric oleic acid, etc.}. The olein and stearin are separated 
by cooling exactly as in the foregoing process. A smaller yield of glycerin 
is obtained due to its partial decomposition by the acid, and that of fatty- 
acid pitch is also less and of a darker color. 

The following yields are obtained: 

Dintillcd Htcarm or distillation atoann .61-63% 

DintilN'd olein or distillation olein . . 30-32% 

Dirttilled glycerin or distillation glycerin . 8 -9% 

Fatty-acid pitch. . . 2-3% 

To avoid losing the glycerin, which constitutes one of the most impor¬ 
tant and highest priced products, a “ mixed process ” is now used consist¬ 
ing of a combination of the foregoing. 

(c) Hydrolysis by the “ Mixed Process.” This is a combination of the 
two foregoing processes, and consists in first hydrolyzing the fats or oils 
in an autoclave with water and an alkaline accelerating agent (such as 
lime or magnesium oxide), and in this way recovering the full amount of 
glycerin. The resulting fatty acids are dehydrated and treated with 
concentrated sulphuric acid in accordance with process (b) to increase the 
yield of stearin and complete the hydrolysis of any neutral fat which may 
have escaped the first treatment, and thus minimize the formation of hydro¬ 
carbons in the distillate. 

The following yields are obtained: 
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The following products are obtained on treating tallow: 

DiMtillcd sdoarin 61-63% 

Distilled oloin 32-30% 

Distilled glycerin (ap gr 1 24) 10%, 

Kutty-aeid pitch 2- 3% , 

(d) Hydrolysis by Menus of Sidplio-eonipounds. This process, known 
as the Twitchcll method, is rapidly replacing the others, and is now 
employed in soap factories for treating the fats or oils before soap-making, 
as it separates a purer glycerin and at the same time results in a greater 
yield (88 to 90 per cent of the theoretical quantity contained in the fat 
or oil vs. 80 to 84 per cent obtained in the direct caustic soda saponificatior 
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method for soaps). Moreover, the liquor separated in the Twitohell 
proecss is not contaminated with the sodium chloride used for “ salting 
out ” the soap in the ordinary method, and it contains IS per cent by 
weight of glycerin against 3 to 1 i>er cent in the liquor obtained on direct 
saponification of the fats or oils with sodium hydroxide. The former 
therefore effects a saving in evaporation. 

The fat or oil is first purified by steaming with 1 |kt cent of 00° Itaumf 
sulphuric acid for about two hours. It is then transferred to a wooden 
vessel equipp'd with perforated steam pipes abo a well-fitting cover to 
exclude air which would cause the fatty acids to darken, and mixed with 
50 per cent water and 1.5 |«t cent of the Twitchcll reagent. The latter 
is prepared by allowing an excess of sulphuric acid to act on a solution of 
naphthalene (or other aromatic hydrocarbon) in oleic acid, which results ill 
the production of a laxly having the general composition: 1 

Ciolli/ .. Naphthnlcne-sulfo-stearic acid, 

t lsila.-A >2 

It is advisable to introduce a small percentage of free fatty acids tostart, 
the hydrolysis which otherwise takes a little time to begin. The material 
is steamed for twenty-four hours, whereupon a small quantity (0.1 to 0.2 
per cent) of lit) 0 liaun.e sulphuric acid is added to break up the emulsion 
and permit the fatty acids to rise to the surface and the glycerol to pass 
into the aqueous liquor below. About 0 05 per cent of barium uirboimte 
is finally added to neutralize the mineral acid 

The resulting fatly acids are dark m color and must lx 1 distilled. This 
is usually affected after a preliminary treatment with concentrated sul¬ 
phuric acid as in method (b) to increase the yield of stearin, which is of 
special importance when the product is to be used for manufacturing 
candles. The yield is the same as obtained from the saponification or 
mixed process respectively, depending upon the exact method of treatment. 

A new reagent has recently ap|X‘.aml on the market under the name 
“ kontakt,” discovered by the Russian chemist (Irigori I’ctroff,- consist¬ 
ing of aromatic sulplio derivatives prep red from Raku mineral oils 
(specific gravity O.X7tl) by means of fuming sulphuric acid. It is supposed 
to have the general formula ('.lb, i. HO.iH, and is marketed iiUho form 
of the soda or potash salts to secure a more concentrated product. This 
catalyzer does not darken the fats or oils, as was the case with the earlier 
reagent, and hence it becomes unnecessary to distil the resulting free fatty 
acids in making high-grade soaps, unless the raw fats or oils are themselves 

i U a. Pat (H)1,003 of Mar 29, 1898. to Krn.fi Thiii-IhII. 

* French Pat. 448,207 of A«g 31, 1912, l ? 8 Pat. 1,233,700 of Jul. 17, 1917, to (Jrigori Pctroff. 
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very dark in color. With high grade stock, J to 1 per cent of kontakt 
is used, and with low grade materials, such as yellow or brown greases, 
1 to 2 per cent. 1 

This process is adapted particularly for treating raw materials of 
low quality, including “ greases," which do not readily yield to method (a). 

(e) Hydrolysis by Means of Ferments. This method is also meeting 
with some favor, as it produces a large yield of glycerin uncontaminated 
with salt or other solids difficult of separation. Many soap manufac¬ 
turers accordingly hydrolyze their stock by means of ferments to separate 
the glycerin, and then saponify the resulting fatty acids with sodium 
carbonate either direct or after first, purifying them by steam distillation. 

The ferment is derived from the castor plant by grinding the decorti¬ 
cated castor beans with water and filtering through cloth, whereupon a 
white creamy filtrate is obtained which is set to one side and allowed to 
ferment spontaneously. The ferment which rises to tin* surface, is 
skimmed off and used while fresh. It is composed of a thick creamy 
substance containing approximately 38 per cent of fatty acids derived 
from castor oil, 58 per cent of water and 4 per cent of an albuminoid sub¬ 
stance containing the active material. 

The fat or oil to be treated is mixed with 40 |>cr cent water, 5 to 8 
per cent of the ferment and 0.2 !>er cent of manganese sulphate in a lead- 
lined vessel equipped with a steam coil and a perforated compressed-air 
pipe. Heat is then turned on, and the temperature maintained 2 to 3° ('., 
above the melting-point of the fat or oil. The mass is agitated by air intro¬ 
duced through the perforated pq>e and the treatment continued one to 
three days until the hydrolysis is complete. Sufficient steam is then 
turned on to bring the mass to a temperature of 80 to 85° ('., whereupon 
0.30 to 0.45 per cent of 50 per cent of sulphuric acid is stirred in by air. 
This breaks up the emulsion, the clear fatty acids rising to the top 
and the aqueous liquor containing the glycerin settling to the bottom. 

When the separated fatty acids are pale in color they may be saponi¬ 
fied directly for manufacturing soaps. Where dark-colored fats, oils 
or greases have been employed, which result in the production of dark- 
colored fatty acids the mass is distilled with steam, whereupon the fatty- 
acid pitch is obtained as residue. Candle stock may also lie produced 
by subjecting the purified fatty acids to a low temperature and filtering, as 
described previously. 

It is, of course, understood that when the crude oils or fats (triglycer¬ 
ides) or the free fatty acids derived from them (by any of the foregoing 

* “A Now Catalytic Reagent for Splitting Glycerin from Fata and Oils,” by U. E. Divine, 
Am. Ptrfumtr, U, 377, 1917, 
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processes of hydrolysis) are saponified directly with sodium carlmnate 
(soda ash), no fatty-acid pitch is produced. 

Refilling Vegetable Oils by Means of Alkali. Most vegetable oils 
intended for edible purposes, whether they are to be used for salad oils, 
lard substitutes, margarine manufacture, or directly for cooking oils and 
shortening, are first treated with caustic soda for the purpise of removing 
free acids, coloring matter, albuminous material, resins, etc. The oils 
chiefly treated are cotton-seed, corn, soya lieen, rocoanut and [leanut 
oils. 

(a) tiffining Cottonseed Oil. Crude cotton-seed oil when obtained 
fresh from the seed varies in color from reddish brown to almost black. 
This is due in part to the coloring matter, which isa dark resinous subs, mice 
capable of combining with caustic soda forming a water-soluble salt, 
also albumin and pectin bodies. The method of refining the oil consist i 
in agitating it with varying quantities of caustic soda solution, the strength 
of which will range from 1.1(1 to 1.20 s|ieci(ic gravity, according to the 
|>ereentage of free fatty acids present and the practice of the individual 
refiner. The agitation is elTccled by mechanical stirrers in large tanks 
provided with heating coils. The quantity of alkaline liquor added is 
determined by careful laboratory test and run in through jiciforatcd pipes. 
The effect of the alkali is first to darken the oil and apparently thicken it. 
After a short time small flakes liegin to separate and heal is then applied. 
As the temperature increases, the flakes become larger, owing to the soap 
softening and running together. When the right point is reached, at 
teni|K‘ratures varying from KM) to l.’it) 0 I'., steam and agitation are shut 
off and the soap drops to the laittom of the kettle, forming a mucilaginous 
mass, varying in color from yellow to brown through all shades of green 
and red. This material is known as the “ fonts." The clear light yellow 
oil which is pumped off the foots is then refined further for edible purposes. 
Cotton-seed oil purified in this manner is known to the trade as “ summer 
yellow oil.” When used in making lard substitutes it is bleached with 
fuller's earth and then deodorized, generally by the use of steam. Salad 
oil is obtained bv chilling the summer yellow oil so as to crystallize out 
the palmitin which is separated by pressing or filtering. 

In the 1'nited States alone the annual production of eotton-seed foots 
amounts to approximately half a million barrels valued at two million 
dollars. The foots vary in gravity from 0.97 to 1.04, averaging about 
1.00. They contain the soda salts of the coloring matter, the soda soaps 
of any free fatty acids present in the eotton-seed oil (30 to 15 per cent) 
the coagulated albumin (8 to 12 per cent), phytosteryl (see p. 540), ano 
varying quantities of mechanically entrained eotton-seed oil (triglycerides). 
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Cottonseed foots are sold on the basis of “50 per rent fatty acid." 
As a mutter of fart they contain between 35 and 65 percent, averaging 
about 45 per cent. A representative sample contained: 1 
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Thr cotton-seed foots may lie converted directly into soap by boiling 
up with a small excess of caustic soda and " salting ” it out in the usual 
manner, when no pitch will be obtained. The resulting soap is known 
as “ killed foots " and the dark lye containing the coloring matter and 
impurities is run to waste. A process has also been described for recovering 
a shellac-like substance from cotton-seed foots by oxidizing with hydro¬ 
gen peroxide in an alkaline solution and acidifying to separate the fatty 
matter.- 

Usually, however, the cotton-seed foots are subjected to distillation. 
They are first acidified while hot with diluti sulphuric acid, whereupon a 
“ black grease ” containing aliout il() per cent of the total fatty acids 
(calculated as oleic) rises to the surface. This is separated and subjected 
to the Twitched or other hydrolyzing processes to break up any neutral 
fat and recover all the glycerin. The fatty acids obtained in this manner 
are equivalent to 7.o to S.fi |>er cent of the original weight of the cotton¬ 
seed oil used. They are subjected to vacuum distillation • with sii|mt- 
heated steam to separate the pure fatty acids from the residue of fatty- 
acid pitch, variously called “cotton pitch," “cotton-oil pitch," cotton- 
seed-oil pitch,” " cotton-stearin pitch," “ cotton-seed-oil-fonts pitch,” 
etc. The quantity of pitch produced will range between 10 and 20 per 
cent of the weight of the crude fatty acids (black grease) distilled, which is 
equivalent to 1 to 2 per cent by weight of the original cotton-seed oil. 
The yield will depend upon the degree the oil is saponified, the amount of 
impurities present, the efficiency of the distilling apparatus and the extent 
to which the distillation is carried. 

The purified fatty acids recovered by distillation are used for manu¬ 
facturing soaps. The fatty-acid pitch is usually soft in consistency, 
moderately stringy and of a pale brown color when examined by trans¬ 
mitted light in thin layers. 


1 l>*vid Wnmoii. J Sir Ckrm lull. II. SOS, 1007. 

* Clt'r Pat 220,M2 of Jun 26, 1909, to Hermann Loesrhigk. 
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(h) l{i lining Cum Oil. Corn oil i» sometimes b\ t nvit ni|£ with ;i sin;ill 

jirojairtion of eaiMie mxI.i hi i manner similar lo ilie method dcscrilicd for rot ton* 
mm-iI oil I |mii deodorizing the refined pioiluet with snjicilieatcd Menu under 
n'diieeil pressure. while heated t<» a tomjier.iturr of KNI I . an ediMe product is 
ohtained, used a- a salad oil, .i1n> for eake and Ium nit making It ma\ also In' 

converted into a lard com | am ml b\ a hulrogciiation process The eorn-oil f<w»t•< 

are treated b\, a method similar to tin* one used lor rrhmng cot ton-tid'd foots 
\ pitch is obtained known a> “lorn-oil jnt< , li.“ jios.ses.siiin a coniparnlneh lu^h 
fi|s|iijj-|M>mt. eharaeteri/ed bv its ruhla*r-likc proja»rties and lack of diietihtx If 

the distillation is earned too far, the pitch will aetualb si did if \ in the still and 

can onl\ Ik* removed with great difficult\ 

Refining Refuse Greases, (hi liijinimj /'mAmt/diouM amt Caimss-rimUnns) 
Crm-M'i “'fallow ” is the name applied to the purified solid fat 01 “suet” obtained 
from cattle It is used e\tensi\cl\ for produi mg soap and candle stoc k The 
crude fat is first "rendered" b\ ladling with water in an ojien \essel to separate 
it liom any albuminous matter or other impurities present, and then elariited bv 
washing with weak brine “bard" is obtained In rendering tin* soft fats winch 
surround the kalians, intestines and backs ol jugs fallow and lard mav In* used 
as such for manufacturing soaps, but for producing candles they must first be 
h\drol\/.c l and purified In steam-distillation 

'I he waste meat scraps obtained from packing houses, also the carcasses of 
animals freed from the Ikuics, are treated with steam in huge digest nr* at a high 
jaessiite to separate tin* fat When the rooking is complete, the bateh is allowed 
to stand ijuieth to |k*iiiiiI the grease to rise to the suifiee and the disintegrated 
meat-fibres to settle The grease is skimmed oil and mixed with an\ additional 
grease remveretl from the settlings In filtei-pres»uig 1 lie residue is then con¬ 
verted into fertih/.ei, and the aipieoiis lnjuid iisi*d for m.iking glue I In* grease 
ier<nered Irom this proeess has a disagreeable odor and a daik rolor, and must 
In* h\droh/ed and steam-distilled liefoir it can be used lor iiianiilaetiiring either 
candles Ol soaj) The residue from the steam distillation Jiroeess amounting to 
U'tween and b |K*r cent of the grease, constitutes a vanelv of fat tv-acid pitch 
haMiig "i light brown color when \iewed in i* thin la\ei and great ductility (unless 
the pitih is distilled too fan \ packing-house grease Ins U*eii exteiisiveh marketed 
in this eounttv un<l(*r the name of “\ellow grease 

(/,I h'ljuuni/ Ham (imrx The Ikmics rnoverrd from (Nicking houses or eareans- 
rendermg works arc used for manufacturing glue, lame-black (used for dnolon/ang 
jM'lroleuni di'lillites, see p 20S), ami fertilizer Hones from the head, ribs and 
shoulder-1 lades eontain 12 to Id |M*r cent ol la*, whereas the large I high I Mines 
(‘marrows") contain 20 |a*r cent The fat is extracted l>\ breaking up the lames 
into small fragments and then either 

(I i Treating with steam in an autoclave under a jiressure of 2 to d atmospheres, 
whereupon a [Kirtioii of the fat separates and floats to the surface, the gelatin 
or glia* goes into solution, and the mineral ingredients (calcium phosphate, etc ) 
remain us residue From S to 0 |K*r cent of fat (based on the dry weight of the 
lames) is recovered in this manner 

(21 f* a trading the dried lames with a volatile solvent such as lamzine, carlam 
tetrachloride, or lamzol in a suitable apparatus A much larger percentage of fat 
is extracted in this manner, but the cost of operation is higher, due to unavoidable 
looses of solvent, and the odor of the product is very strong. 
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In either event the extracted tone fat is first hydrolyzed by any of the fore¬ 
sting methods and then steam-distilled, whcreujton n variety of fatty-acid pitch, 
known as “tone-fat pitch ” is recovered as residue, amounting to 5 to 6 per cent 
by weight of the bone-fat. The product may to used for manufacturing soap, 
<>r after cooling and filtering, the “stearin” may lie converted into candles, and 
‘he “olein” either used for manufacturing soap or else marketed as such for “wool 
oils.” 

(c) Refining Garlxige and Sewage Greases. The average city garbage as collected 
con tains: 

Water. 70-80% 

Grease . . . . 3 4% 

Tankage . 10 20% 

Tailing* (rubbish) . .. 3 6% 

It is treated in a manner similar to that used for working up the refuse from 
packing houses and carcass-rendering establishments, namely by lolling in large 
digesters holding 8 tons for six hours under a pressure of 70 to 80 lb. (Arnold- 
Kgcrtou System) 1 This reduces the material to a pulpy mass, which is filter-pressed 
to remove the water and grease. The residue, known as “tankage,” is dried and 
ground for use as fertilizer. The lilt rate is allowed to stand, whereupon the gre:ise 
rises to the surface and is skimmed olT. The grease when dehydrated, has a dark 
brown color. It is hydrolyzed to separate the glycerin, and the resulting fatty 
acids purified by steam-distillation to render them suitable for manufacturing 
soaps and candles. The residue, known as “garbage pitch," amounting to . r > to 
7 i>er cent by weight of the garbage, has a dark color when viewed in a thin 
layer, and Is quite susceptible to temjierature changes. 

Sewage also carries a proportion of grease which is now often lieing recovered, 
especially in large cities. The sewage is first run into large tanks, where the 
solid matter known as “sludge” settles to the Ixittom. The precipitation may lie 
accelerated by adding a small |>ereentnge of slaked lime. After drawing off the 
liquor, the sludge is treated with a small quantity of sulphuric acid to break up 
any insoluble soaps, and then lioiled in large digesters under pressure to hydrolize 
the fats, and enable the grease to separate. The residin' is dried and used as fer¬ 
tilizer. The grease is dehydrated, then hydrolyzed and finally distilled with su|)er- 
heatoJ steam, yielding about 25 per cent of a fatty-acid pitch known jus “sewage 
pitch.” The characteristics of this are similar to those of garbage pitch. The dis¬ 
tillate contains about 50 per cent of liquid olein and 50 per cent of solid stearin 
melting at about 113° F.* 

(d) Refining IF mien-mill Waste. Olive oil, lard oil, neat’s-foot oil, saponification 
olein (or saponified olein) and distillation olein (or distilled olein) are sold under 
the names “ wool oils ” or “ cloth oils,” and used m woolen mills for lubricating 
the wool before spinning into yarn, or for oiling old woolen rags before grinding and 
“ pulling ” in the manufacture of “ shoddy.” One of the perquisites of the wool 
oils is that they shall have no tendency to dry or oxidize, and they must also bo 

‘"City Refuse Rnd its Disposal." I! dt* R Parsons, J. Soc. Chem Jnd., 17. 376, 1908; "Col¬ 
lection and Final Disposition of City Wastes by the New York Department of Street Cleaning," 
Edward D. Very, J. Soc. Chen , Ind, 17, 378, 1908; "Garbage and Rubbish Disposal in Los 
Angeles,” by S. B. Simona, Munic. J , It, 799, 1915. 

*"The Utilisation of Sludge from Town Sewage as a Source of Fat,” D. Holde, Snjenriedcr- 
gti., 41, 1151, 1915. 
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easily removable on boiling the finished woolen goods <»r shoddy with a solution of 
soap or sodium carbonate. The presence of hydroearl tons, even in small quantities 
is objectionable, as they tend to prevent the removal of the wool oils during the 
scouring process. 

After the goods are scoured, the liquid is mixed with freshly slaked lime which 
serves to precipitate the soaps. The curds are settled out and separated, then acid¬ 
ified with dilute sulphuric acid to separate the free fatty acids, which an* skimmed 
off and filtered to remove any dirt. The product known as "fuller’s grease,'* 
“ seek oi ” or “magma oil," is distilled with steam, whereby the wool oils an* 
recovered, and a residue of fatty-acid pitch obtained, amounting to It) |x*r cent by 
weight of the grease; known as “ f uller’s-grease pitch,’’ or “seek-oil pitch." 
This will vary in it" pro|x*rties defending ujion the raw materials entering into the 
conqiosition of the original wool oils 

Treatment of Wool Grease. Wool grease, known also as “wool wax," or 
“wool degnw" represents the oily material naturally present in sheep's wool, and 
differs entirely from the so-called " wool oil " discussed previously. Wool grease 
is m reality an animal wax, as it contains no glycerin or glycerides whatsoever 
It is extracted by Ixnlmg the cut. wool with an alkaline soap solution or sodium 
cnrltonate Formerly volatile solvents were used for this purpose, but the method 
is no longer practiced. After I oiling with soap or sodium carlionnto, the liquor is 
acidified with sulphuric acid, whereupon the grease rises to the surface and is 
skimmed off. Dehydrated wool grease melts let ween NO and 104° F. and contains 
approximately 55-00 |ier cent fatty acids, also 40 15 per ix>nt higher alcohols (un- 
saponiliable). 

W<s)l grease is treated in various ways, and • n oi g others by a direct process of 
distillation with siqierheated steam utthwt prcuous hydrolysis 1 (as the waxes 
present are not amenable to such treutuei.t) whereby the following |»ortions are 
recovered: 

(D A light oil conqiosed mainb of hydrocnrlxuis 

(2) A heavier oil which on pooling separates into a liquid and a solid portion 
This is thereupon cooled and filter-pressed to separate the olein (known as “ dis- 
tilled-greaxe-olein ” or “degnw oil ”), which is used as a leather or wool oil, from 
the stearin (known as “ degnw stearin "), which is used in the soap industry or 
as a leather “stuffing grease" The olein consists of 50 jx*r cent free fatty acids 
and 50 jK*r cent inmturated hydroearl sms and cholesterol. The stearin carries 
70 per cent ehole-terol and 00 |K*r cant fn*e fatty acids. 

(0) A residue of fatty-acid pitch known sf**cifically as “ wool-grease pitch,” 
“wool-fat pitch," " wool pitch" or “cholesterol pitch" The pitch is distin¬ 
guished by its high ductility and susceptibility factor, the large projiortion of 
unanpomfiahle constituents present and the fact that it yields a decided cholesterol 
reaction (see page 540). 

The yields are approximately 10 per cent light oil, 50 per cent olein, 00 per 
cent stearin and 10 per rent fatty-acid pitch. 

The reactions which take place during its distillation are quite complicated. 
Some of the esters break up into free fatty acids and hydrocarbons thus: 

C,»H».COOC..H m =*C,»H,,CX)OH4*CuH«. 

Cetyl palmitato Palmitic Acid Cetin 

• U S Pat 896/103 of Au« 18, 1908, to Carleton Klim 
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Similarly the higher alcohols and cholesterol distil partly as such and also partly 
decompose into hydrocarbons. 1 

Physical and Chemical Properties of Fatty acid Pitches. Fatty-acid 
pitches vary considerably in their physical and chemical properties, depend¬ 
ing upon the following circumstances: 

(1) The nature of the fat or oil from which the fatty acids are derived. 
If these contain low melting-point fatty acids, the fatty-acid pitch will l>c 
soft in consistency, provided the distillation has not been carried too far 
(see p. 320). On the other hand if high-melting point fatty acids pre¬ 
dominate, the fatty-acid pitch wil be semi-solid to solid in consistency. 

(2) The proportion of neutral fats or oils present in the fatty-acid 
mixture, which will prove to lx; the case if the process of hydrolysis is 
not carried to theoretical completion. Since the neutral fats or oils (tri¬ 
glycerides) do not distil with superheated steam, they concentrate in the 
fatty-acid pitch, and are very apt to decompose into hydrocarbons (un- 
saponifiable) if the distillation is carried too far (sec p. HID). If the dis¬ 
tillation is stopped at a point without decomposing the neutral fats or 
oils, the value of the fatty-acid pitch is enhanced by their presence, as they 
arc more stable and weather-resistant than the fatty-acids themselves. 

(3) The extent to which the distillation is carried and the tempera¬ 
ture at which it is performed. If distilled too far or at too high a tem¬ 
perature, the fatty acids decompose in the presence of steam, first into 
hydroxy acids, which in turn break down into lactides, unsaturuted prod¬ 
ucts and lactones in the following manner: 


(it) n-hydroxy acids arc converted into lactides in accordance with the 
following reaction’ 




R 

R-CH-IOH H|0 00 

RCHO-CO 

/ CH \ 

0 CO 

1 + 1 

| 

or | | . 

C0-0|H HObCH-R 

CO-O-CH-R 

CO 0 


w* 



1 

R 


(b) 0-hydroxy acids become converted into unsaturated products as 
follows: 

(« («) 

R-CHa CH CO-OH - RCHa: CH -COOH. 

i J 

|OH_H| 

* Donat h and Margoaches, Chem. Re r, Fttl-Hart-Iwi , li, 194, 1904, Chem. Ind., IT, 220, 1904. 
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(e) 7 and 5 hydroxy acids arc transposed into cyclic esters of the nature 
of y and 5 lactones respectively, in the following manner: 


and 


(7) ( 0 ) M 

II CHo CH,. (TI,> CO 


OH 


Hit) 


(i) (y) (0) («) 

IIt'H,>CIO ( II. CH,CO 


Oil 


HO 


(«) CH 2 .('() 

! > 

(a) ( Hi ( M R 

(7) 

(«) 

(' ll ;.—00 

- (d)OH.<( ^>0 . 

(’ll. ( II H 

(7) (*) 


It follows therefore that the fatty-acid pitches contain free fatty acids, 
their lactones (anhydrides), underoniposed glycerides (neutral fats or 
oils), condensation products of unknown composition, hydrocarlsm 
deconi|M)sition products; and in the case of fatty-acid pilches derived 
from wool grease, we find cholesterol and higher alcohols . 1 

The presence of hydrocarbon decomposition products is evidenced 
largely by the color of the pitch when examined in a thin layer. If these 
are present, the pitch will be a black, otherwise it will have a rich brown 
color. The jiereentage of saponifiable constituents present in the fatty- 
acid pitch is a criterion of its quality. The larger the )>orrcntnge, the 
better the quality from the stand|H)int of weather-resistance. Fatty- 
acid pitches of the optimum quality contain not less than ill) |xt cent of 
saponifiable constituents. They arc ax wratlm■ rrsixlatil ax any l/itu- 
vuiioiix xuljxlancc. The smaller the ]>ercrntage of saponifiable constituents 
in the pitch, the less weather-resistant it will prove to be. 

In recent years there has been a tendency to remove more and more 
of the saponifiable ingredients from the fatty-acid pitches, in view of the 
high price commanded by the fatty acids, and also because of improvements 
effected in the distillation process. The author has examined fatty-acid 


1 " Stearin Pedi," by K Donath and K Straaaer, ('him Xnt, 17, 1788, 1893, "Die I’nter- 
weheidung und diennudie Natur von dunkeln peehartigi-n llOrkatiindnn d«*r Dint illation von Krdrilen, 
Ketten und Fetta&uren," D Hold** and J Marruaaon, Milt h konigl tedin Vermiehanat von 
Berlin. IS, 147, 1900. alao ('hem Rer Fett-Han-I »d , 7. 2, 1900, ” Zur I’nteradieidung d«*r 
Asphalte," B M Margoarhes, ('hem Ret Felt-Hurz-Ind , 11, 148, 1904; " Ksaminatiori of Pitdiea," 
by K Donatb and B M Margoadiei, ('hem 1ml , 17, 220, 1904, " Noliwn liber Kleariniiedie," 
K Donath, Chem Her FeU-Httrz-Ind , IS, 42. also 73, I90. r », ” I'nteraiirhung der Kohlonwaaaer- 
atofffile und Fette," D Hoble, Berlin, p 281, 1913; ” Detection of Pelroleuni Piteh ill Fat 1 )i*- 
lillntion Heaiduea," J Marruaaon, Mitt kgl MaterialiprUfiingaamt, SO, 180, 1913 “ Stearin Pitrh,” 
by If Mayer, Hrifenmeder Z , 41, 394, 1914, ** Chemical Technology and Analyaw of Oila, Fata 
and Waie*,” by I)r J Lewkowitaeh, Sth Kdition, Ixindon, J9I-1, 
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pitches containing as high as 9K per cent unsaponifiable constituents. 
These appear glossy black in color and almost opaque in a thin layer, and 
therefore find a ready use in the manufacture of cheap lacquers and japans, 
not intended for exposure out of doors. 

All fatty-acid pitches are converted in a more or less infusible and 
insoluble mass upon exposure to the weather for a long period, or upon 
heating a short time to a temperature of 250 to 350° C. in contact with air. 
This is equally true whether or not unsaponifiable constituents are present, 
and makes this class of pitches especially valuable for manufacturing, 
baking japans and varnishes. 1 They are also converted into insoluble 
and infusible substances by heating with sulphur. 2 Blowing with air at 
high temperatures rapidly increases their fusing-point and at the same 
time tends to convert them into the insoluble modification.' 1 

Fatty-acid pitches containing a large proportion of saponifiable con¬ 
stituents show an extremely line susceptibility factor, in fact lower than 
any other class of bituminous materials. Conversely fatty-acid pitches 
in which the unsaponifiable constituents predominate are apt to have 
quite a high susceptibility factor. 

In general, the various classes of fatty-acid piteli are characterized by 
the following predominating jilujsmil properties, assuming that they 
have been carefully prepared and neither overheated nor distilled too 
far, viz.: 

luitty-acnl pitches made from lard are usually very ductile with a low susceptibility 
factor 

l*\itty-aeid pitches made from tallow are generally hard, lacking in ductility with a 
low susceptibility factor 

Palm oil pitches are hard, lacking m ductility, with a moderately high susceptibility 
factor 

Cotton-seed-foots piteli is usually soft, of moderate ductility having a low suscep¬ 
tibility factor. 

Corn-oil-foots pitch is ntremehj rubliery, shows little ductility and has ail eccccd- 
iiujly low susceptibility factor. 

Packing-house pitch is ductile and has a low susceptibility factor 
Hone-fat pitch lacks ductility and has a moderately high susceptibility factor Its 
color in a thin Inver and streak are black. 

Garbage and sewage pitches are ductile with a high susceptibility factor Their 
color in a thin layer and streak are usually black. 

Wool-grease pitch is ductile and has an extremely high susceptibility factor. Its 
color in a thin layer and streak are usually black. 

i l' S I*at 842,016 of Jan 21). 1907, to Paul Hooroho, Gor Pat 217,026 of 1006 to Vogelsang, 
also Kng Pat 3346 of 1000 to (Vmnollj 

* V M Pats to Griacnm, p 206, also Gor Pats 77.K10 to I, Balirnhielm and A Jornandor, 
226,911 to Malchow. 

* Gor. Pat. 208,378 of 8opt 13. 1006, to Otto Sohroibor. 
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Fatty-acid pitches (referring to all types) comply with the following charac¬ 
teristics: 


(Test 

1) 

Color in mass 

I lark lirow n to hint k 
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1(1) 
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Table XXV11I eontiuan the results of the ... of representative samples of 

fatty-acid pitch hy the author: 
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TABLE XXVIII—CHARACTERISTICS (JF 


No. 

Test. 

From hard. 


Physical CharactrrtMif»: 




2a 

Homogeneity to eyo at 77° F . 

Honing 

Homog 

Homog 

2 (f 

Homogeneity under mieroHeope. . . 

Honing 

Honing 

Lumpy 

3 

Appearance surface aged seven days 

Bright 

Bright 

Bright 

4 

Fracture 




5 

Lustre .... 




« 

.Streak ... • 

Yellow i 
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7 

Specific gravity at 77° F 

0 97J 

0 980 

0 990 

9 r 

Consistency at 115° K. . . 

0 0 | 

0 0 

0 0 


Consistency at 77° K 

O 7 j 

1 3 

2 4 


Consistency at 32° F 

S 2 ; 

9 8 

10 0 
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Susceptibility factor ... 

18 3 I 
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14 3 
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Ductility in ems at 115° F 

« 

0 

10 
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42 

36 
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75 

88 

27 

11 

Tensile strength in kg at 115° F. 
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Fusing-point deg F, by B and It. met boil 

57 

74 

85 

10 
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19 
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Chemical Test*: 
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TYPICAL FATTY-ACID PITCHES 
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ASPHALTS AND ALLIED SUBSTANCES 


According to Marcusson 1 the saponification value of fatty-acid pitches never 
runs below 33, and in the majority of cases exceeds 100, whereas the saponification 
value of petroleum asphalts does not exceed 21. A. R. Lukens* reports that the 
saponification value of fatty-acid pitches ranges from 45 to 100, and in the case of 
petroleum asphalts from 5 to 18. 

Fatty-acid pitches are also distinguished from asphalts by the small j>errentagc 
of sulphonation residue, and the absence of sulphur. 

According to Donath and Margosches (loc. cit.) wool-grease pitch may be 
identified by boiling the malarial with alcoholic potash, and then filtering the hot 
liquid. A fairly abundant precipitate will form in the filtrate on cooling, which 
will give the cholesterol reaction. (Test 43.) 

The author has found the lineal coefficient of expansion of fatty-acid pitches for 
1° F. (length = 1) to average 0.00023. 

Fatty-acid pitches flux satisfactorily with mineral waxes, native and pyrogenous 
asphalts, tars and pitches. They also flux satisfactorily with gilsonite and glance 
pitch, but not with grahamite. 

The following figures indicate that the hardening (toughening) of fatty-acid 
pitches on exjosure to the weather is due to oiukitum. A sample of soft fatty-acid 
pitch (the first in Table XXVIII) was melted and poured into a shallow glass 
dish, forming a layer exactly 1 millimeter thick. This was exposed out of doors 
for one year in a dust-free receptacle protected from the direct action of the weather, 
and the following increases in weight noted: 

After 1 month gained 0 62% After 7 months gained 4 20% 


2 

2.52% 

8 

4 27% 

3 

3 27% 

9 

4 30% 

4 

3.50% 

10 

4 38% 

6 

3.80% 

11 

4 42% 

6 

4 12% 

12 

4 46% 


The original pitch was soft and semi-liquid, but after exposure for one year it 
hardened to a tough, leathery mass. The original fusing-point was 44$° F. (K. 
and S. method), and at the end of the year 185° F. 


BONE TAR AND BONE-TAR PITCH 

In the production of bone tar and bone-tar pitch the crude bones are 
first steeped in a 1 per cent solution of brine for three to four days, to 
separate the fibrous matter. They are then degreased by one of the 
following methods: 

(1) Boiling the bones with water in open vessels: 

(2) Boiling with water in closed tanks under a pressure of 10 lb.; 

(3) Extracting the bones with n solvent (usually a petroleum distillate 
boiling at 100° C.) and removing the last traces of solvent from the bones 

* “ The Composition and Examination of Residues Obtained from Fat Distillation,” Z anQrir 
Ch$m., 14. 1207, 1911. 

*" Distinguishing between Petroleum Residuums and the Various Fat Pitches," The Chemul* 
Analf*. 10, 3, 1917. 
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by blowing in live steam. The degreased 1 tones are then treated to extract 
the glue by again subjecting the bones to the action of live steam for a 
lengthy period under a pressure of 15 to 20 lb. in an upright cylindrical 
ltoiler with a false bottom. The glue gradually leaches from the I tones, the 
quantity extracted depending upon the duration of the treatment. When 
it is desired to convert the bones into “ bone charcoal ’’ (used for the puri¬ 
fication of petroleum distillates and paraffine wax, as descrilted on p. 508), 
only one-half of the gelatinous matter is extracted from the degreased bones, 
whereupon the water is drained off and the Ixincs allowed to air-dry. They 
are then distilled destructively in horizontal cast-iron retorts, the distillate 
lieing condensed, and the permanent gases consumed under the retorl. 
The d'stillate consists of an alkaline aqueous liquor containing ammouiacal 
bodies, and a tarry layer known as “ bone tar,” “ bone oil ” or “ Dipped oil.” 
The residue remaining in the retort, known as “ bone charcoal ” or " animal 
charcoal ” is removed while still hot, and transferred to an air-tight vessel 
in which it is allowed to cool. It is then passed through grinding mills 
and sieved. The bone charcoal is coni|>osod of approximately HI i>er cent 
of carbon, 75 per cent of calcium phosphate, the balance consisting of 
various other mineral ingredients and moisture. 

The following yields are obtained: 

Non-ooiid«*iimibl<* gu«**H 
Aqueous liquor 
Bom-tar 
Bom* charcoal 

Total 

The bone tar floating on the surface of the aqueous liquor is drawn off. 
It consists of fatty substances derived from the fat which escaped ex¬ 
traction from the lames, also derivatives of pyridine possessing a most 
disagreeable and penetrating odor, and incidentally serving to distinguish 
it from all other tars. The characteristics of lxino tar are included in 
Table XXXV, page 4S2. 

The aqueous liquor is distilled, and the distillate caught in sulphuric arid to 
recover the ammonium compounds as ammonium sulphate. The residue is used as 

a fertilizer. . 

The lione tar is subjected to fractional distillation to recover the lxme-tar pitch, 
the properties of which are also embodied in 'lable XXX\, page 4N2. 

Bone-tar pitch is intermediate in its physical properties lietween asphalts and the 
fatty-acid pitches. It is moderately susceptible to temperature changes, and on a 
par with higher grades of residual asphalts and inferior grades of fatty-acid pitches 
in its weather-resisting properties. 

It is produced in comparatively small quantities and cannot therefore be regarded 
as a commercial product. 


10 1 . 1 % 
10 11 % 
21 10 % 
ii oo':; 



PART IV 

MANUFACTURED PRODUCTS AND THEIR USES 


CHAPTER XXIII 
METHODS OF BLENDING 

One of the most important questions which confronts the bitumenolo- 
gist is that of blending the various substances at his disposal, to produce 
mixtures Ix'st, adapted for the special purposes for which they are intended. 
This requires an intimate knowledge of the nature and lxhavior of the 
various materials, and can only lie thoroughly acquired by years of experi¬ 
ence. Two shipments of any given member of the bituminous family are 
likely to fluctuate widely in their physical pro|X'rtics and conqKisition, 
even when procured from the identical source. A native bituminous 
substance emanating from the mine dc|x>sit will vary, de|>cnding u|xm the 
degree of exposure and amount of metamorphosis. It has been shown 
that, all native bituminous materials are in a constant state of transition, 
depending upon their age and environment. Scarcely any two deposits 
of native asphalt are alike in their properties or chemical composition. 
The same applies to petroleum, which varies in different localities and very 
often in wells side by side in the same field. 

The pyrogenous bituminous materials also show a marked variation 
in their properties, depending upon the raw materials used in their pro¬ 
duction and the exact conditions to which they have liccn subjected in 
their process of manufacture, including the temperature, length of treat¬ 
ment, etc. 

Bituminous materials should not therefore lie compared to vegetable 
and animal fats or oils, which in the case of any one material runs fairly 
uniform in composition and physical properties. 

The consistency of the available rote bituminous materials is either 
fixed and definite, or it is controllable. All native bituminous substances 
have a predetermined consistency—in other words they are endowed by 
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nature with certain fixed and definite physical properties, and over which 
inan has no control. On the other hand, the consistency of pyrogenous 
bituminous substances, with three exceptions (i.e., wax tailings, tars and 
rosin pitch), is largely controllable, and depends upon the treatment to 
which they are subjected in the course of their production. In the majority 
of pyrogenous substances, it is a comparatively easy matter to alter their 
consistency at will, by regulating the duration of the process, its tempera¬ 
ture, or some other condition. In the three exceptions noted, the con¬ 
sistency is predetermined, and has no definite bearing upon the variable 
functions of the process. 

Table XXIX will serve to give a general idea whether the hardness and 
fusibility of the various bituminous substances are definite or controllable, 
whether the substances are naturally soft, medium or hard at room tem¬ 
perature; also their approximate comparative volatility, weather-proof 
properties, and efficiency in fluxing. 

In interpreting Table WIN, it should !«■ distinctly ... that the “ Hardness 

at Room Temperature,' "Volatility." “ Weatherproof rropeities" mid " Wlicieiiev 
in Fluxing " are listed m a mm/wru/m- sense, and must not then-fore be regarded 

as a definite exposition of the eharaetenslu-s of any ... without taking 

into consideration the others cited 

In addition to the bituminous ... then- are included three gioups o nnn- 

bituininous substances commonly used lor purposes of blending; vn , 10-in, annual 
mill vegetable oils and fills, and wool grease 

tu preparing mixtures of bituminous materials, (be following |*tinU 

stiould Ik- Ikiiuc in mind: . 

(I) bituminous materials which give the tliazo reaction (lest !1), 
(containing phenols), should not Is' mixed with bituminous substances not 
giving this reaction. In other words, mil ive asphalts, asphaltites and pyr»- 
gcno.is asphalts should not Is' l)lemle<l with tars or pitches ‘excepting 
fat I y-acid pitch), since it lias I teen found by cx|ieriene.- that such mixtures, 
although they may melt together isufeclly, are not durable or weather- 

Pri>< (2) Native and pyrogenous waxes will not remain permanently blended 
with other bituminous materials, but will crystallize at low temperatures, 
gradually separating from solid mixtures on standing. 1 his manifests 
itself by the wax “sweating” from the surface. In certain eases tins 
feature is desirable, since the admixture of a small percentage of wax 
imparts wax-like properties to the entire composition (see p. Ml). 

(3) (Irahamite does not flux with native or pyrogenous waxes, 
residua! oHs derived from non-asphalt ie petroleum, fatty-acid pitch or 
wool grease. 
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* Consistomcter hardness at 77* F. t Excepting grahamite. 
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(4) If the bituminous material contains a percentage of “non-mineral 
matter insoluble in carlxm disulphide ” (“free carbon ”), the act of flux- 
ing with other bituminous substances, rosin, animal or vegetable oils and 
fats will only dilute this ingredient, without eliminating it. The cal¬ 
culated proportion will still bo present in the mixture. 

(5) The percentage of earlxmes may be reduced by fluxing or blending, 
as the car Irenes themselves are fluxed by other bituminous substances, 
rosin, animal or vegetable oils and fats. 

(6) The thoroughness with which bituminous materials blend, may be 
ascertained by finding the fusing-point of the components, and comparing 
the calculated fusing-point of the mixture with its actual fusing-point. 

If the actual fusing-point is equal to, or greater than the calculated fusing- 
point, then the blending has been thorough. On the other hand, if the 
actual fusing-point is less than the calculated fusing-point, then the com¬ 
ponents do not amalgamate thoroughly. 

(7) The microscopic test may also lie used to good advantage to ascer¬ 
tain the thoroughness with which the components blend. A separation 
of particles in the mixture is evidence that perfect amalgamation does 
not occur. 

Where the hardness and fusibility of the bituminous substance are 
“ controllable,” it is often a simple matter to continue the distillation, 
blowing, depolymerization (in the case of wurtzilite asphalt), etc., until 
a product is obtained having the desired physical characteristics. Where 
conditions permit, it is more convenient and economical to turn out a prod¬ 
uct of exact/// the proper grade, than to flux or harden it afterwards. It 
is accordingly customary to market residual asphalts of exactly the right 
hardness and fusing-point for paving purposes, etc. Blown asphalts are 
similarly marketed in various grades, having different fusing-points (and 
hardnesses), so that the manufacturer may pick out one best adapted 
to his particular purpose. Coal-tar is likewise distilled to a predetermined 
extent to obtain pitches suitable for use as such in connection with water¬ 
proofing, roofing work, road purposes or briquette making, whichever 
the case may l>e. 

Binary Mixtures. It is not always possible to use a single bituminous 
material, since it is sometimes found that the exact characteristics required 
are lacking, and can only be obtained by blending together two or more 
substances in suitable proportions. The simplest mixtures, containing 
two constituents, are known as “ binary mixtures.” In this case it is a 
comparatively simple matter to predict what the characteristics of the 
finished product will be. 

The purpose of preparing a mixture is to soften the substance and lower 
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its fusing-point, to harden the substance and raise its fusing-point to render 
the mixture less susceptible to temperature changes, effect a more perfect 
union or blending of the constituents, improve its weatherproof properties, 
increase the tensile strength, render the mixture wax-like, or unctuous to 
the feel, lessen the tendency towards stickiness, etc. 

Softening Vie Substance and Lomring its Fming-fmnl. This process is ordinarily 
known as fluxing. When the bituminous material as it occurs naturally or results 
from a manufacturing process is too hard in consistency or fuses at too high a tem¬ 
perature, it is customary to mix it with a softer sulwtnnce, termed u “ flux," to impart 
the necessary characteristics. The fluxes may Ik> classified in three groups as follows: 


Ckguh I 

For Softening Asphaltic 
Materials and Asphallilcs 


Soft nati\e asphalt 
Kraidual oils. 

Soft blown asphalt. 
Soft residual asphalt. 
Soft sludge asphalt. 


(iKOI I* II 

For Softening Pitrhea 


Medium wood-tar pitch 
Medium jwat- ami lignite-tar 
pitches 

Medium water-gas-tnr pitch 
Medium oil-gas-tar pitch 
Medium coal-tar pitch 
Medium hone-tar pitch 


f j mu f 111. 

l'acd Indiserimiiiately for 
Sofu ning Asphaltic Materi¬ 
als. AsphalfiteM arid Fitches, 

Wi»* tailings. 

Soft and medium fatty-acid 
pitches.* 

Animal and vegetal.I* oils and 

fats 

Wool grease,* 


* Not suitulile for fluxing gruhuniite 


The fluxes listed in Group 11 shotild not Ik* used for softening asphaltic mate¬ 
rials and asphaltites, or those iti Group l for softening pitches (excepting rosin- and 
fatty-acid pitches), for reasons already explained The fluxes listed in Group HI 
will answer satisfactorily for softening asphaltic products, asphaltites and pitches, 
without injuring their weather-resisting qualities. 

Of Group l fluxes: residual oils, soft blown asphalt ami soft residual asphalt 
arc ordinarily used, on account of their weather-resisting pr«>(x*rties, their effi¬ 
ciency in fluxing, the absence of volatile constituents and their eornjiarativo rhcnj>- 
ness. 

Of Group II fluxes: water-gas-tar pitch and oil-gas-tar pitch are ordinarily used 
for preparing “ cut-back ” coal-tar pitches for use as dust-laying oils, road surfao- 
ings, etc., as previously explained (p. 251). 

Of Group III fluxes: animal and vegetable oils or fata are most generally em¬ 
ployed, owing to their abundance and uniformity. They are only used in special 
cases (e.g. manufacturing certain bituminous paints, varnishes and japans, rubber 
substitutes, coating compositions for high-grade prepared roofings, etc.), in view 
of their comparatively high price, although they are without question the fluxes 
par excellence for bituminous materials. 

Hardening the Substance and Rising its Funng-jfoint. Where the bituminous sub¬ 
stance is too soft for the purpose intended, it is customary to harden it by adding on® 
or more of the following materials: 
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Qnovr I. 

For Hardening Asphaltic 
Materials. 

Gjioop II. 

For Hardening Pitches. 

Group III. 

May be Used Indiscriminately 
for Hardening Asphaltic 
Materials or Pitches. 

Hard native asphalt. 

Hard wood-tar pitch. 

Rosin pitch. 

Asphaltites. 

Hard peat-and lignite-tar pitches. 

Rosin. 

Hard residual asphalt. 

Hard water-gas-tar pitch. 

Hard fatty-acid pitch. 

Hard sludge asphalt. 

Hard oil-gas-tar pitch, 

Fillers 

Hard wurtsilite asphalt. 

Hard coal-tar pitch. 

Hard bone-tar pitch. 

Blowing with air. 

Combining with sulphur. 


Of Group I hardeners, hard native asphalts, hard residual asphalts and asphal- 
tites are most frequently used; and similarly of the Group II and Group III 
hardeners, hard coal-tar pitch and fillers respectively, arc most generally employed. 
The fillers may Ik) of vegetable or mineral origin, and will lie discussed in greater 
detail later. (See p. 393.) It is not customary to harden bituminous mix¬ 
tures by blowing with air after they are once prepared, although this procedure 
would increase the hardness and particularly the fusing-point. All bituminous sul>- 
stances may be hardened by heating with a small percentage of sulphur (see p. 
294) after the manner of vulcanization in the rubber industry. This is only used 
to a limited extent, owing to the difficulty of controlling the degree of hardening, 
also because of the fact that it tends to reduce the ductility of the product. 

Rendering the Mixture Lees Susceptible tn Temperature Changes. It is difficult 
to lay down any definite rules in this connection. In general, it may lie stated that 
the suitable addition of the following substances will tend to make mixtures more 
resistant to temperature changes, viz.: 

AaphaltitPs Wumilite asphalt. Animal or vc'ietuM. oils and late. 

Blown asphalt. Fatty-acid pitch. Killer* (mineral ami vendable) 

The first three, of course, should only lie used in connection with asphaltic mix¬ 
tures, whereas the last three are applicable either to asphaltic mixtures or pitches. 
Animal or vegetable oils and fats which have been thickened or “ boiled ” by heat¬ 
ing to a high temperature until they polymerize, are more efficient in this respect 
than oils or fats in their crude Btatc. The effect of mineral fillers is shown in 
Table XXX (p. 348). 

Effecting a More Perfect Union or Blending of the Constituents. At times the com¬ 
ponents of a bituminous mixture do not amalgamate thoroughly. This is detected 
by a lack of homogeneity (Test 2), i.e., by distributing the surface and observing 
whether it becomes duller, or else by drawing out a pellet into a thin thread, and 
noting whether any dulling occurs. Certain fluxes when combined with the mixture, 
often in a small proportion, serve to overcome this tendency, and result in a more 
complete amalgamation of the components. Such fluxes in the approximate order of 
their efficiency are as follows: 

Resin. Animal or vegetable oils sod fata. 

Rosin pitch. Wax tailings. 

It will be understood that these fluxes do not influence the percentage of non¬ 
mineral matter insoluble in carbon disulphide (free carbon), or any dullness due to 
this constituent. 
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Making the Mixiurt More Weatherproof. This is another question whieh can¬ 
not be decided by any hard and fixed rules, as it depends lamely upon what 
materials are present in the mixture, and how badly it may lack weatherproof 
qualities. There may be cases where the bituminous substance is so deficient in 
weatherproof properties that it would be impracticable to attempt improving it, on 
account of the extremely large proportion of material which would have to he 
added to overcome this defect. In general, it may be stated that the addition 
of the following products tends to overcome the non-weatherproof properties of 
bituminous mixtures: 


Group I. 

For Augmenting the Weatherproof Properties 
of Asphaltic Materials Only. 

Group II. 

For Augmenting the Weatherproof Properties 
of Pitches as Well as Asphaltic Materials 

Asphaltites. 

Animal or vegetable oils and fats. 

Certain native asphalts. 

Wool grease. 

Certain residual oils. 

Fillers (mineral cn/y). 

Blown asphalt. 


Wurtsilite asphalt. 


Certain fatty-acid pitches. 


Of the products included in Group I, 

the asphaltites, wurtzilite asphalt and 


certain fatty acid pitches (of the saponifiable type) will most effectively improve 
the weather-resisting properties of the mixture, due to the fact that these mate¬ 
rials of themselves are highly weatherproof. Among the asphnltites, grahamite is 
most weather-resisting, gilsonite and glance pitch ranging next in efficiency and 
being about equal in this respect. Wurtzilite asphalt is extremely weatherproof, 
and the same also applies to the saponifiable varieties of fatty-acid pitch Only 
certain native asphalts and residua! oils are included in this category, for it is 
impossible to lay down any definite rules to differentiate between the non-weather¬ 
proof and weatherproof varieties, since this can only l>e determined as the result 
of experience or by an actual exposure test. The physical and chemical teste fail 
to determine definitely whether a native asphalt or residual oil wiU display the 
optimum weather-resistance in actual service. Certain tests (e.g, large percentages 
of volatile matter and non-mineral constituents insoluble in carbon disulphide), 
may definitely pronounce the material to l>c non-wcatherproof, but if these, by 
chance, prove negative, the court of final appeal is an actual exposure test under 
service conditions. 

Both fluxes enumerated under Group II are equally efficient from the stand¬ 
point of weather-resistance, although the first named is superior in its fluxing 
properties. Mineral fillers when added in a finely divided state, or in the form of 
graded particles proportioned to show the minimum percentage of voids (p. 363) 
tend to improve the weather-resistance of all bituminous substances. Those fillers 
which are impermeable to light are most efficient in this respect (p. 393). The 
same rules apply in this connection, as with mineral pigments in linseed oil paints. 1 

Increasing the Tensile Strength of Bituminous Mixtures. For some purposes 
it is important that a bit umin ous mixture shall have the maximum tensile strength, 

«“ Physical Characteristic* of » Paint Costing,” by R. 8. P«ry, Am. Inst, of Architects, Michi¬ 
gan Chapter, Jun. 4, 1907, 
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to enable it to withetand the stresses and strains to which it may be subjected 
in usage. This is of special importance in the case of certain forms of bituminous 
pavements. Two general methods are used for the purpose, viz.; 

(1) Incorporating mineral fillers. 

(2) Increasing the hardness, by blending with harder bituminous substances 
(p. 343). 

The 'effect of mineral fillers on the physical characteristics is illustrated m the 
following figures, based on the mixtures of a straight-run residual Mexican asphalt 
with 0, 15, 30, 45 and Of) per cent of precipitated calcium carbonate. 


TAM.*: XXX 


Soft residual asphalt 

100% 

S5% 

70% 

55%, 

40'; 

Precipitated calcium carbonate j 

0 % 

15% 

30%, 

45% 

90% 

(Test 9c) Consistency at 115° F. 

0 0 

O 0 

0 0 

3 1 ' 


Consistency at 77® K 

3 1 

4 9 

ti 5 

13 9 I 


Consistency at 32° K 

IS 4 

22 2 

24 1 

30 4 1 


(Test 9d) Susceptibility (actor 

19 S 

22 9 

19 5 

14 5 : 


(Test 10ft) Ductility at 115° K 

14 

13 

10 

2 5 ' 


Ductility at 77° F 

40 

31 

13 

0 9 


Ductility at 312° F 

2 7 

2 ti 

0 S 

0 5 


(Tost 11) Tensile strength at 115° F 

0 0 

0 (1 

0 0 

0 3 


Tensile strength at 77° F 

<1 4 

1 1 

1 7 

2 4 


Tensile strength at 32° F 

5 :> 

7 ;> ; 

9 5 

13 0 ; 


(Test lftfi) Fusing-point (K and S method) 

93° F 

9S° F i 

109° F 

193® F 


(Test 156) Fusing-point (B. ami 1! method) 

110° F 

11.I® F 

121® F 

1SS® l 


Medium residual asphalt 

mo'; 

s.v; 

7o‘; 



Precipitated calcium curbonate 

o'; 

15% 

«"■ 

15*; 

90', 

(Test 9c) Consistency at 115° K 

2 1 

2 7 


13 9 

17 1 

Consistency at 77° F 

10 0 

12 1 

17 95 



Consistency at 112° F. 

17 3 

51 9 

54 3 

99 9 

SO 1 

(Test 9 d) Susceptibility factor 

3S 2 

39 7 

35 9 1 

2X 0 


(Test 10ft) Ductility at 11.? F 

27 

22 

11 

0 S 


Ductility at 77° F 

i 3X 

13 

1 l 

0 25 

, 

Ductility at 32® F 

0 0 

0 2 

0 I 

0 0 

, 

(Test 11) Teusilo strength at 1 ir»° F 

0 0 

0 2 

0 S 

1 s 

, 

Tonsilo strength at. 77® F 

1 <1 

2 2 

4 3 


, 

Tensile strength at .32° F. 

9 11 

11 0 

20 5 

27 2 

, 

(Test 15a) Fusing-point (K. and S method) 

iis° r 

124® F. 

| 135® F i 

190® F 

•>| >o 

(Test Wife) Fusing-point (B. and R method) 

1 139° F 

115® F ; 

! 15S® 1 ' 

219® F 

299° F 


* Docs not flow when heated 


It will lx? noted that the fusing-point, hardness, and tensile strength increase, 
whereas the susceptibility factor and ductility decrease in proportion to the quantity 
of filler added. When the jicrcentage of filler is sufficient to destroy the fluidity of 
the mixture, as in the case of the surface course of sheet asphalt pavements 
(where the filler exceeds 80 per cent by weight), the physical projierties of the mix¬ 
ture depend largely upon the pressure to which the mass has been subjected. 
The greater the compression, the greater will be the hardness, tensile strength and 
density. 

The tensile strength of a soft bituminous mixture increases to a certain (mint 
upon being blended with harder bituminous substances, but these have a ten- 
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denry to reduce the strength, when the mixture reaches the hard and brittle stage 
(see Table XXVI, p. 300). 

Rendering Wax-like, Unctuous to the Feel, or Lessening the Tendency UmirtU 
Stickiness. For certain purj>oses, it is desirable to impart the foregoing pro|>ertio8 
to bituminous mixtures, especially in manufacturing insulating eont|x)unds. rubier 
submitutes, coating compositions for papers, etc. The addition of a small fx*r- 
centage of the following waxes (usually less than 10-15 jx*r cent) will'sene to 
accomplish this result: 

Ozokerite Montan wax Pt rogenoiw waxen 

These will not amalgamate permanently with bituminous materials, hut will 
work their way to the surface m time, forming a thin waxy film which will modify 
ll, ( , characteristics of the mixture, imparting certain of the physical proixwlies of 
waxes. In the case of ozokerite ami pyrogenoiis waxes only a small percentage 
should la; added, otherwise the separation will I* sufficiently great to destroy the 
integrity of the mixture. Montaii wax mav lie added in large quantities, as it con¬ 
stitutes a la-tter flux and shows hut a slight tendency towards separation 


Tertiary and Complex Mixtures, in the ease of binary mixtures, the 
eharucteristics of the Mended product may he predicted with a reasonable 
degree of certainty, hut with tertiary or (|Utilermtry mixtures this is . 
extremely difficult, and in many eases im|«>ssiblc to tlo, even by one 
highly skilled in the art. We must hear in mind that the native asphalts, 
for example, occur in hundreds of varieties, each differing in certain 
res|>eel.s from the others, or as one authority on flic subject aptly expresses 
it- “ No two deposits of native asphalt or petroleum on the face of the 
earth are exactly alike.” Similarly, Mown asphalts, residual asphalts, 
eml-tar pitches, etc., are produced in hundreds of forms, depending upon 
the nature of the crude materials, the temperature to which they have lain 
subjected the length of blowing, the duration of the distillation process, 
and many other factors. Tins,, result in the production of a whole senes 
of products from any particular raw material, varying in fusibility hard¬ 
ness and other physical ami chemical characteristics. Since each class 
of raw material is available in hundreds of varieties, .t will lie apparent 
that the nnmlier of possible combinations it. tertiary mixtures ts infinite. 

In color matching, a given shade may lie produced in a dozen different 
wavs, cat'll starting with totally different colors, and sumlurly a given 
bituminous substanc, may is' exactly duplicated in physic, character,s- 
tics (i e , fusing-point, hardness, ductility, tensile strength, volatility etc., 
by numerous mixtures, each containing different combinations of different 

The only way to match a given bituminous substance is by the cut 
ami trv method.” This applies with more force when it comes to tertiary 
and complex mixtures. To exactly duplicate a complex bituminoua 
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mixture is one of the most difficult and at the same time one of the most 
facinating problems in bituminology. At the present stage of the science, 
a chemical analysis of the material to lx> duplicated will tell nothing. It 
is only an intimate knowledge of the physical properties of the available 
bituminous raw materials, and an inference of their behavior in combina¬ 
tions, that will assist the expert in synthesizing a mixture having substan¬ 
tially the same properties as the one to be duplicated. 

The problem is made still more complicated by the fact that although 
we may apparently succeed in duplicating the physical properties of a 
given bituminous mixture, yet there is no way of telling other than from 
an actual service test whether or not it will liehave the same on uying or 
upon exposure to the elements. No “ accelerated ” test is known by which 
this may be accurately predetermined. 

Classes of Bituminous Mixtures. Bituminous sultstunces and their mixtures 
muy be roughly divided into three general classes, characterized by being " soft," 
" medium ” and “ hard ’’ at room temperature. The following table will show 
which of the commercial products belong to the respective classes: 

Sojt (liquid) Bituminous Products' 

Dust-laying oils. 

Binders for road mirfaeingB. 

Impregnation for wooden paving blocks, railroad ties, etc 
Tars and oils for the flotation process 

Saturating compounds for prepared roofing, flooring, waterproofing, sheathing and insulating 
papers, electrical insulating tape, etc. 

Waterproofing compounds for Port land-cement morlar and concrete 

Medium ( semi-liquid to semi-solid) Bituminous Product* 

Hinders for bituminous surfaeinga,bituminous macadam arid bituminous concrete pavements 
Asphaltic cement for sheet asphalt pavements, asphalt-block pavements and asphalt mastic 
foot-pavements and floors 
Fillers for wood, brick and stone pavements 
Bituminous expansion joints. 

Coatings for prepared roofing, flooring, waterproofing, .sheathing aed insulating papers 
Adhesive compounds for built-up roofing and waterproofing work, bases of plastic compounds 
for repairing roofs, etc 
Pipe-dips and pipe-sealing compounds 
Electrical insulating compounds. 

Hubbcr substitutes and fillers. 

Moulding compounds. 

Bases of bituminous paints and cements 

Hard (solid) Bituminous Products. 

Certain forms of electrical insulating compounds. 

Moulding compounds, 

Binders for briquettes. 

Certain forms of pipe dips 

Bases of varnishes, enamels, japans and certain bituminous paints. 


Processes of Blending Bituminous Substances. The types of apparatus 
for this purpose fall into two groups, viz.: 

(1) Open vessels of semi-cylindrical or rectangular form, os described 



METHODS OF BLENDING 


349 


for dehydrating semi-solid and solid native bituminous substances (Chap¬ 
ter VI). 

(2) Closed horizontal cylindrical vessels provided with an agitator 
in the form of a horizontal shaft carrying short stout blades or paddles 
usually set at an angle. This type is mounted on a masonry foundation 
over a solid or perforated fire-brick arch, and the heating effected by burn¬ 
ing coal or. gas underneath it. The vessel is provided with a manhole 
at the top, through which the bituminous substances are charged, and 
closed with a cap during the melting process to keep out air and prevent 
the vapors from igniting. 

The first ty|>e is list'd where the bituminous substance is heated Mow 
the flash-point of the constituent flashing at the lowest temperature, and 
the second where it is necessary or desirable to heat the mass nlrove the 
Hash-point. Since the mass can safely lx' heated in the second lyin' to 
higher tem|x'ratures and agitated at a greater speed without danger of the 
melted mixture splashing out of the vessel, it follows that with its use the 
process of amalgamation will take place more rapidly. 

The dehydrated bituminous substances are introduced into the melting- 
tank, preferably in the melted condition, either by gravity or by means of 
pumps. Where this is not practical, as with high fusing-point products, 
sin'll as the asphaltites or native asphalts containing a large |X'rcentagc of 
mineral matter, they may be added cold in the solid state, but in this case 
it takes longer to melt up the charge. 

The higher the teni]x'rature to which the materials are heated, the 
more rapidly will the combination take place. It is not necessary, or 
in fact desirable to raise the heat to the fusing-point of the ingredients 
melting at the highest tcm|xTature, as these will lx> dissolved by the con¬ 
stituents fusing at lower lcni|X'ratures, due to their inherent snlivut 
action combined with mechanical agitation. Thus, a grahamite fusing 
at , r >5() to . r )7.")° E. (K. and S. method) will readily combine with mixed- 
base or asphaltic residual oils brought to a tom|>eratiiro of 400° I'., par¬ 
ticularly if the mixture is kept well agitated. The grahamite should be 
introduced in the form of lumps alxmt the size of hickory nuts, in prefer¬ 
ence to a fine |xiwder, as the latter will sinter together if the charge is not 
agitated, and in addition will make it difficult to tell when the amalgama¬ 
tion is completed. 


Great rare should lie taken not to overheat Litnminnus sulwtances, as they are 
all affected either by a prolonged heating at a moderately high temperature, or 
upon subjecting to a comparatively high tem|x*rature for a Rhort time. Then- are 
no general rules regarding the liehavior of bituminous sulxitaneeR under the influ¬ 
ence of heat. Each will act differently, and resist heat to a greater or leaser degree. 
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It ia rarely safe to raise the temperature higher than 450-500° F. in any 0 f th 
manufacturing processes involving the use of bituminous substances.' Overhe t' * 
will manifest itself by: 

(I) Increasing the specific gravity, viscosity, hardness and consistency, 
point, Hash-point, burning-point, non-mineral matter insoluble in carbon disulphide 
ami mrbenes. 

(2) Decreasing the ductility, volatile matter, solubility in carbon disulphide and 
in HS° petroleum naphtha. 

On fluxing native asphalts carrying a substantial percentage of mineral matter, 
it is important to keep the mass well agitated, otherwise the mineral matter will 
settle out anil carbonize against the Imttoin of the tank, retarding the ingress of 
heat, and causing the bottom plates to burn out rapidly 

When the mixture is to be heated to a high temperature for oilier than a com¬ 
paratively short time, it is inadvisable to affect the agitation by means of air, as 
this will increase the fusing-point in the same manner as in the production ol 
“blown asphalts" (see p, 287). Mechanical stirrers or dry steam jets are prefer¬ 
able under these conditions. 

Apparatus for Iiicorpiiratinti Fillers. As fillers art' added after the bitu¬ 
minous mixture has lieen dehydrated and fluxed to the proper consistency, 
a steam-heated mixing apparatus of small capacity is best adapted for the 
purpose, constructed to mix the clia'ge with great rapidity. Two forms 
of steam-jacketed agitators provided with mechanical mixers are used, 
viz.: 

(1) A rectangular tank with a semi-cylindrical steam-jacketed bottom, 
commonly provided with two horizontal shafts revolving in opposite 
directions, each carrying two sets of short, strong blades or paddles set at 
different angles, to work the bituminous mixture from the ends of the 
vessel towards the centre. The completed mixture is discharged from the 
bottom through a power operated slide-valve (see I’ig. 117). 

(2) A vertical vessel of cylindrical form provided with a steam-jacketed 
semi circular Ixittom, enclosing a vertical shaft, carrying blades, geared 
to an auxiliary shaft,, offset at one end and provided with smaller blades 
which revolve within the larger ones. The principle of this type is similar 
to that of a common “ egg-lieater.” The inner shell is east from a single 
piece of metal to avoid danger of leakage. This form of apparatus is 
intended only to mix in such quantities of fillers as will not destroy the 
fluidity of the mixture or prevent it discharging by gravity through a s|x>ut 
at the bottom. When fillers are used such as silica, earth-colors, or the 
like, mixtures can be preparer! containing GO to 05 per cent of the mineral 
constituents. 

When it ia desired to incorporate light vegetable fillers, such as cork, wood- 
flour, or fibres, a type of mixture may be used similar to the foregoing but mounted 


»" Effwt of Overheating Asphalts,'’ C. J. Frankfurter, J. Ind Eng Chrm., t, 239, 1910. 
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on trunnions, so that after the mixing is eomplete, the entire apparatus may be 
lipiwd bodily, and the contents hoed over the rim while the mare is hot. An 
apparatus of this type is illustrated in Fig. 110. 

Emulsification. In t-.jtecial cases it is desirable to emulsify liquid to 
semi-liquid bituminous materials with water. The emulsification is 
brought alxmt through the intervention of the following classes of sub¬ 
stances: Water-soluble soaps, alkalies, alkaline earths, sodium silicate, 



CourUwv of J H. Day * Co. 

Fig. 1 Hi — Mixer lor Incorporating barge Percentages of Fillers in Asphalt. 


cert,Min mineral oxides, plastic* clay, tar distillates including pyridine bases, 
starchy materials, water-soluble* gums. Irish moss, sulphonated oils, 
casein, molasses residues, etc. (sec p. 354). 

The emulsification is effected cold. If a liquid product is to be obtained, the 
bituminous material and water containing the emulsifying agent are mixed in a 
suitable apparatus provided with a mechanical stirring device. If the product is to 
Ik* produced m paste form, the emulsification is brought alxmt in a “masticator," 
or a “ pug-mill ” (otherwise known as a " chaser or “ ehilean null in which 
mechanical agitation is coupled with a certain amount of grinding or trituration 
(see p. 459). 
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BITUMINOUS PAVING MATERIALS 

Bituminous materials for constructing pavements may lie classified 
into the following groups, depending upon the specific purpose for which 
they are to be employed, viz.: 

(1) Bituminous dust-laying oils. 

(2) Bituminous'surfacings. 

(3) Bituminous macadam. 

(4) Bituminous concrete pavements. 

(5) Sheet-asphalt pavements. 

(6) Asphalt-block pavements. 1 

(7) Asphalt mastic floorings. 

(8) Bituminizcd wood-block pavements. 

(9) Bituminous fillers for wood, brick and stone-block pavements. 

(10) Bituminous expansion joints. 

These will be discussed in greater detail later. 1 

The bituminous raw materials commonly employed for the a!x>vr, 
purposes embrace the following: 

Crude petroleums. 

Native asphalts. 

Residual oils. 

Residual asphalts. 

Blown petroleum asphalts. 

Asphaltites. 

Refined water-gas tar and water-gas-tar pitch. 

• Refined oil-gas tar and oil-gas-tar pitch. 

‘ rti Refined gas-works coal tar and gas-works coal-tar pitch. 

Refined coke-oven coal tar and coke-oven coal-tar pitch. 

•"City Roads and Pavement*,” by W. P. Judaon, N. Y., 1907; " Road Preservation and Dust 
Prevention,” by W. P. Judaon, N. Y. and London, 1908; " The Modern Asphalt Pavement,” 
by Clifford Richardson, N. Y., 1908; " Street Pavement* and raving Materials,” by Gto. W. 
Tillaon, lit Edition, New York, 1908; " Dust Proventatives and Binders,” by Prtvost Hubbard, 
lit Edition, N. Y., 1910; " Asphalt Construction for Pavements and Highways,” by Clifford Rich¬ 
ardson,. 1st Edition, New York, 1913; " Text Book on Highway Engineering,” by A. H. Blanchard 
and H. B. Drowns, 1st Edition, N. Y., 1914; “The Construction of Roads and Pavements,” 
by T. R. Aff, lit Edition, N. Y„ 1918. 
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These may be used either singly or in various combinations. In 
special cases distillates are used, including the heavy petroleum distillates 
for manufacturing dust-laying oils, and tar-distillates for impregnating 
wood blocks. 

Bituminous materials are used without other additions in the form of 
bituminous dust-laying oils, fillers for wood, brick or stone pavements 
and in certain forms of expansion joints; and they are used in admixture 
with mineral aggregate for constructing bituminous surfacings, bitu¬ 
minous macadam, bituminous concrete pavements, sheet asphalt pave¬ 
ments, asphalt-block pavements, asphalt mastic flooring and certain 
expansion joints. They are also used in combination with wood for 
manufacturing bituminized wood-block pavements; with felted fabric 
in forming certain bituminous expansion joints; and in some cases emul¬ 
sified with water for preparing dust-laying oils, and bituminous cements 
to lie used cold. 

Bituminous Dust-laying Oils. Dust-laying oils are also designated 
“dust preventatives ” or “dust palliatives.’ 1 They art- usually liquid 
at room temperature and are adapted for use without heating, on parth, 
graval or macadam roads, for lem|x>rarily resisting the formation and 
dispersion of dust under traffic conditions. Dust-laying oils may either 
lie used as such, or in an emulsified state with water, and are npplied 
to the road, preferably after removing the loose particles of dust, by any 
suitable form of sprinkling or spraying device, as for example an ordinary 
watering cart. 

The function of the dust-laying oil is twofold, namely, to prevent the 
dispersion of dust already formed, and retard the formation of additional 
particles under the attrition of traffic. The saturating, adhesive or binding 
properties of the oil accomplish these results. At ljcst the effect of dust¬ 
laying oils is tem|x>rary, and they must accordingly l>e renewed from time 
to time, usually twice during the first season, and once each year there¬ 
after, assuming that the traffic conditions are not abnormally severe. 

Bituminous Materials Used. The following products are employed 
for this purpose: 

(1) Crude petroleums of mixed-base and asphaltic nature. 

(2) Heavy petroleum distillates. 

(3) Residual oils. 

(4) Cut-back residual asphalts. 

(5) Gas-works coal tar. 

(6) Coke-oven coal tar. 

(7) Cut-back pitches. 

(8) Water-gas tar (rarely). 

(9) Oil-gas tar (rarely). 
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Bituminous Emulsions. It is sometimes customary to use the prod¬ 
ucts with water in the form of an emulsion, obtained by mechanical or 
chemical means. Emulsions, on account of their greater fluidity, have 
the advantage of being applied more cheaply than untreated oils or tars, 
thus enabling them to be spread on the road without the use of a special 
form of apparatus. In addition, they are absorlied more rapidly by the 
road surface, and obviate the necessary of interfering with traffic while 
applied, or the annoyance of having the oil tracked about by pedestrians, 
as often proves the case when crude petroleums or tars are used. 

Mechanical emulsions are obtained by mixing the oil (usually crude 
petroleum, heavy petroleum distillates or residual oil) with a suitable quan¬ 
tity of water, by a mechanical contrivance, just as it is about to l>e sprayed 
on the road, as for example by means of a rapidly revolving set of blades. 
Oils having a specific gravity approximating that of water will answer best 
for this purpose. 

The following chemical agents have ulso been used for emulsifying the dust- 
laying oils, viz.: 

(1) Soaps prepared from animal or vegetable oils and fats, which when combined 
with petroleum, residual oils or tars will enable them to lierome emulsified with 
water. One formula consists in emulsifying the asphalt with oleic and and am¬ 
monia, 1 another in dissolving 20-25 lb. of common soap in the smallest quantity of 
hot water (40-50 gal.), and then mixing it with 100 gal. of asphalt Rosin or rosin 
oil soap may also l>e used. 2 

(2) Alkalies, including ammonia, caustic or carbonated soda or potash, borax, 
slaked lime, etc., will give satisfactory results with tars containing phenolic Ixxhes, 
due to the resulting combination acting as an emulsifier. 

(3) The addition of a small percentage of certain alkaline bases including pyri¬ 
dine, piccolin or quinolin, will emulsify residual oil, crude petroleum or tar. 3 

(4) Small percentages of colloidal vegetable or animal substances, such as 
saponin, glue, gums, pectin substances, vegetable mucilages, 4 sulphite liquors, waste 
molasseB liquors*, starch paste, Irish moss* and other glutinous sulxstances dissolved 
in water. The addition of a small projiortion of these substances to the oils or tars 
with or without the addition of soaps, will enable them to emulsify with water. 

(5) A paste made up of colloidal mineral sulxstances, such as metallic oxides, 
silicates, hydroxides, clay, 7 sodium silicate (“ water glass ”).• 

1 IT. 8. Pate. 992,313 of May 18, 1911 to L. 8. van Westrum; also 998,691 of Jul 25, 1911 to 
H. R. Kaaaon and S 8. Saxton. 

* Ger. Pat*. 248,084 of Dec. 5, 1909 and 248,793 of Mar 17. 1910 to Reinhold Wallbaum. 
U. 8. Pata. 1,258.103 of Mar, 5, 1918 and 1,250,223 of Mar 12, 1918, both to W M Fraarr 

»U. 8. Pat. 884,878 of Apr.14, 1908 to J. P Van dor Ploeg. 

* U. 8. Pat. 834,830 of Oct 30, 1906 to Karl Mann. 

•*' Duat Preventative* and Road Binder*,” Hubbard, p. 109 

« U. 8. Pat. 943,667 of Dec. 21. 1909 to Carleton Ellis 

* F. Raachig, J. Soc. Chtm. Ind ., M. 758, 1910; V. 8 Pat 1,240,253 of Sep 1& 1917, to M A 

Popketa. 

•U. 8. Pat. 980,513 of Jan. 3, 1911 to Robert Hacking 
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(6) Sulphonated vegetable oils such as "turkey red oil.” 1 

(7) Soda sludge obtained from oil-refining works (see page 213). 

(8) By means of soluble casein solutions.* 

Emulsions are usually marketed under various proprietary names, 
the exact composition being carefully guarded as “ trade secrets," and 
recommended to be mixed with water, in proportions ranging from 10 to 
30 per cent. It is obvious, however, that the smaller the percentage of 
bituminous matter present, the less the efficiency of the emulsion as a 
dust-laying medium, and the more often it must lie renewed, The use 
of emulsions is attendant with the following disadvantages: They arc 
usually applied in such weak solutiops that their efficiency is impaired; 
the water present in the emulsion has no value from the view-point of 
dust-laying and necessitates the purchaser paying freight on this inactive 
ingredient; and further, emulsions prepared from residual oils derived from 
non-asphaltic and mixed-base jietrnleums ar» very apt to wash off the road 
upon lining subjected to the action of rain or snow combined with the 
mechanical grinding under the wheels of traffic. 

Non-cmulsiftcil Products. Non-emulsified oils and tars are usually 
less expensive in the long run. They are generally applied cold, but in 
certain eases, and particularly during cold weather, ls-tter results may lx- 
obtained by sprinkling them on the road in a heated state. The liest 
practice necessitates using from ^ to j gal. per square yard, dc[>ending upon 
the nature of the road, the quantity of dust in situ, and whether or not the 
road has been oiled previously. On a road oiled at regular intervals, 
0.1 to 0.2 gal. per square yard is sufficient after the initial application. 
The surface should then lie sprinkled lightly with sand, using a cubic 
yard for every 75 to 125 sq. yd. of surface, to prevent the oil lx>ing tracked 
about by pedestrians and vehicles. A longer period should l>e given 
the oil to soak into gravel or macadam roads since they are denser and 
less porous than dirt roads. For the same reason, the oil must lie applied 
with great care to provide a uniform distribution, and to prevent it 
accumulating in “pools.” 

Non-asphaltic |x-trolcums and their residual oils are not looked upon 
with favor, owing to their deficiency in “binding” properties. Mixed- 
base petroleums and their residual oils give l>ctter results, but they are not 
regarded as equal to tin- asphaltic petroleums and their residual oils. In 
general residual oils give Ix-tter results than crude petroleums, since they 
are more “ concentrated.” It is still an undecided matter whether, other 

•IT 8 Pal* 931.520 of Aug 17. 1909 to Jiiliua Htotkhauwn. 998,001 of Jul 2.1. 1911 toll H 
Knwon and H S Saxton 

i Ocr Pat 240,482 <4 Mav 1. 1910 to Akti<-n**iwlli><-haft fUr A*|>haltii-rung ttrid l)*rlib**d«-kiitig 
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things being equal, petroleum products or “ tars ” are preferable, and much 
may be said on both sides of the question. Cut-back residual asphalts 
and cut-back pitches have also been largely used. They have many 
advantages, and among others, the fact that they set up rapidly when 
applied to the road, and the residue is apt to have l>etter " binding ” prop¬ 
erties than would be the case if the corresponding crude or straight dis¬ 
tilled products were used. 

General Considerations. The following precautions should be followed to get the 
best results: 

1. All the loose dust should be removed from the road before applying the dust- 
laying oil. 

2. The road should be thoroughly dry and the oil applied preferably on a warm 
sunny day, or if this is not possible, the oil should be heated slightly before it is 
spread. 

3. The oil should be allowed to soak into the road thoroughly before reopening 
it to traffic. 

4. The oil should not be too viscous, otherwise it will fail to penetrate prop¬ 
erly. Best results are obtained with oils having a specific viscosity (on the the 
first 50 c.c.) when tested with the JOngler viscosimeter (Test ft/) at 77° F. as follows: 

(a) Petroleum products for use us dust palliatives (i.c., three to four applications 
per year at intervals), less than 10. 

(b) Petroleum products for use as road oils to be applied cold (i.e., two appli¬ 
cations per year, intended to build up a bituminous surface), 80-120. 

(c) Refined tars for use its dust pdli itives, N 13 

(d) Refined tars for use as road oils to lx? applied cold, 25-35. 

(e) Refined tars for cold patching, 40-70. 

5. If the oil contains an excess ol volatile matter, too much will eventually l>c 
dissipated through evaporation to enable the residue to fulfil its function efficiently. 
The volatile matter at 325° F. m 5 hours shoul I not exceed 30 f>er cent in the case of 
petroleum products, nor must the residue appear “ greasy.” The greater its adhe¬ 
sive qualities and tensile strength (“cementitiousness") at 77° F. (Test II), the 
more efficiently will the original oil bind together the dust particles. Tar products 
on distillation (lest 20) should yield the following percentages of distillate: 

(а) Refined tars for use as dust palliatives: to 170° C. leas than 5 per cent; 
to 270° C. less than 30 per cent; to 300° C. leas than 40 per cent. 

(б) Refined tars for use as road oils to lie applied cold: to 170° C. less than 2 
per cent; to 270° C. less than 25 per cent; to 300° C. less than 35 per cent. 

(c) Refined tars for cold patching: to 170° C. more than 2 per cent; to 270° C. 

15-25 per cent; to 300° C. loss than 30 per cent. 

8. Petroleum products should show not exceeding 1 per cent non-mineral 
matter insoluble in earlion disulphide; refined tars for use as dust palliatives or as 
road oils to be applied cold, not more than 10 per cent free earljon (Test 31); and 

refined tare for cold patching, not exceeding 20 per cent free carbon. 

7. The dust-laying oil should not show a tendency to emulsify when subjected 
continuously to the action of moisture or upon being ground up in the form of a 
paste with the dust or mud generated by traffic. Certain oils and especially those 
prepared from non-asphaltic or mixed-base petroleums are apt to become miscible 
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with water under these conditions, and wash away from the surface of the road. 
The product may be tested for this defect by grinding the residue remaining after 
the volatility test in a mortar with an equal weight of colloidal clay made into a 
paste with water, and observing whether any emulsification takes placo. 

Bituminous Surfacings. A bituminous surfacing consists of. a layer 
of appreciable thickness constructed on top of a newly prepared or on old 
roadway, by the application of one or more coats of bituminous material 
interposed with gravel, sand or stone chips. When used for surfacing 
gravel, stone or concrete roads, it is usually termed a “ carpet ” or a 
“ carpeting coat,” and when used for surfacing roads constructed of a 
bituminous wearing course including bituminous macadam and bitu¬ 
minous concrete pavements, it is referred to ns a “ seal-coat.” In the 
latter ease the function of the bituminous surfacing is to fill the voids of 
the bituminous foundation and produce a smooth and uniform wearing 
surface. 

The objects of the bituminous surfacing are to prevent the formation 
of dust by attrition, to provide a somewhat elastic cushion or “ carpet. ” 
to take the wear and preserve the denser material U|s>n which it is laid, 
to make the road less noisy, and to increase the comfort of those who travel 
over the pavement. Bituminous surfacings will only give good results 
on roads providing a firm and well compacted foundation. New roads 
should accordingly he ojx'ncd up to trultie for some time until all the 
small particles and loose dust have been worn off, and any local settling 
may have taken place. 

Bituminous Binder. Bituminous binders for use in constructing 
bituminous surfacings may be divided into two groups, viz.: (a) suit¬ 
able for application to gravel, stone or concrete pavements, and for the 
maintenance of bituminous macadam and bituminous concrete pave¬ 
ments; (b) suitable for preparing the original bituminous surfacing in 
constructing bituminous macadam and bituminous concrete pavements 
(usually termed “ seal coats "). The first group only will lie considered 
under this heading. The bituminous binders included in the second 
group will be descrilied under the headings of bituminous macadam and 
bituminous concrete pavements, as they consist of the same character 
of bituminous materials as used in the construction of the wearing course 
of these respective pavements 

The bituminous materials used for preparing the bituminous surfacings of group (<i) 
are usually viscous, semi-liquid to semi-solid in consistency and suitable for appli¬ 
cation in a heated condition by a mechanical distributor capable of forcing it on 
the road under more or less pressure. They are usually applied at a tenqieraturc 
of 225-275° F., and should possess or develop shortly after their application suffi- 



358 


ASPHALTS AND ALLIED SUBSTANCES ' 


cient adhesiveness to bind together the covering of sand, gravel or stone chips 
The bituminous material is frequently composed of a “ cut-back ” residual asphalt 
or pitch, prepared from a base of great adhesiveness, combined with a suitable 
proportion of volatile constituents intended to evaporate within a short time after 
the bituminous surfacing is applied. The following may be used for preparing the 
surfacing: 

(1) Fluxed native asphalts. (It is possible to use these, but at present none are 
so employed.) 

(2) Blown petroleum asphalt of the proper consistency. 

(3) Residual asphalts, including " cut-back ” products. 

(4) Residual or refined tars, including water-gas tar, oil-gas tar, gas-works coal- 
tar and coke-over tar. 

(8) Cut-back pitches, including cut-back water-gas-tar pitch, oil-gas-tar pitch, 
gas-works coal-tar pitch, and coke-oven coal-tar pitch. 

The bituminous binder should comply with the following characteristics when 
tested in its pure state: 



Tar 

Products. 

Asphaltic 

Products 

Yiseosity by float test at 90° F. (Test 8 d). 

60-150 

00-150 

Ductility »t 77" F. (Tu»t» 10a and 106) 

>50 

>50 

Fusing-point (K. and 8. method, Test 15a) 

<105° F 

<105° F 

Volatile at 325° F. in five hour# (Test 16a). 


1 r \°L 

Viscosity residue by float test at 122° K. (Test 8//) 


>110 

Distillation test (Test 20): 



To 170 s C. (by weight). 

<1% 


To 270° C. (by weight). 

<15% 


To 300° C. (by weight). 

<25% 


Soluble in carbon disulphide (Test 21a) . 

>85% 

>98% 

Non-mineral matter insoluble (Teat 216) 

<15% 

<i% 

Mineral matter (Test 21c) . 

<1% 

<1% 

Soluble In 88° naphtha (Teat 23) 

i 

> 90%, 


Mineral Aggregate. The top dressing should consist of coarse sand, 
fine gravel or screened grit (stone chips) whose particles vary from J to 
{ in. in their longest dimension. The grit may be graded from l in. down, 
but should contain no “ dust.” One cubic yard of sand weighing approxi¬ 
mately 2700 lb. should cover 50 to 100 sq. yd. of road surface in the hot 
process and 100 to 150 sq.yd. in the cold treatment (i.e., dust-laying oils). 
The harder the character of the top dressing, the better. Cubical particles 
are less liable to displacement under traffic than rounded particles. 

Preparing and Applying the Surfacing. The following steps should Ire 
carefully observed: 

(1) The original cross-section of the road should be restored, proper 
drainage provided, and any ruts or depressions filled with crushed stone 
or gravel, levelled by rolling, and thoroughly bonded. 

(2) Any loose dust, chips or other particles should be removed by 
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sweeping with hand or power brooms, or in extreme ruses with shovels 
or power scrapers. 

( 3 ) The weather should preferably be clear and warm. 

(4) The road surface should be clean and dry. This is essential to 
secure the proper bonding of the surfacing to the wearing course. In 
certain cases a light preliminary cold application of liquid bituminous 
material or “ primer" will promote the adhesion. With macadam. 
Iiest results are obtained by removing the line particles I*4worn the larger 
stones to a depth of \ to \ in. to enable the surfacing to “ hey " with it. 

(5) The tar or asphalt should b«- heated to 225 to 275° I'., and applied 
with a suitable pressure distributor, which will impinge it against the 
surface of the road in jets propelled at groat velocity, and at the same time 
remove any dust which may have lieon overlooked. If the pressure is 
too great, the bituminous material is likely to lx> atomized into fine particles 
whose impact will lie lessened. 

((>) The quantity of bituminous material required for the lirst treat¬ 
ment. will vary from -J to gal. per square yard of surface, averaging 
\ gal., depending upon the character and smoothness of the surface, 
ft should be applied uniformly and smoothly. 

(7) Some recommend that the bituminous surfacing should lie allowed 
to remain on the road at least twelve hours, to enable it to soak in as much 
as possible before the mineral surfacing is applied. Others recommend 

placing the top dressing immediately. 

(8) After the top dressing is applied, it should lie thoroughly rolled 
with a steam roller to incorporate the mineral matter with the bituminous 

coating. . . 

(9) The finished bituminous surfacing should vary in thickness from 

1 to * in. 


General Considerations. The sucres* of tin* method will depend upon. 

(1) The nature of the foundation to which the bituminous surfacing is applied. 
Macadam, concrete and well-constructed bdurninous-macadam pavements give the 
best results. Bituminous surfacing* do no. stand up as well on gravel roads, as they 
are apt to peel oil after a time, unless a primer is used. 

(2) The thoroughness with which the bituminous surfacing adheres In the foun- 

dnt ‘(d) The nature of the binder used. Bituminous substances whose residue, 
possess great ductility, tensile strength and - adhesive ” qualities willgive h. I*t 
results. They should not lie too susceptible to temperature changes or contain oo 
large a percentage of volatile constituents. I'elroleun, products made from aspmto 
petroleum will give better results than those obtained from mixed-base petroleum. 

(4) The nature of the top dressing. Cubical particles of gnt or .tonc-rhip- 
pings free from dust, produced from hard rocks will give better results than imn- 
L matter derived from soft rocks, which are liable to powder under heavy traffic. 
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Rounded mineral particles are not as satisfactory as angular ones, as they are more 
apt to become displaced. 

Numerous mechanical appliances have l*en devised for spreading the bitu¬ 
minous material, the modern and most efficient ones being oiwrated by a motor 
which serves not only to propel the vehicle, but also to apply the bituminous 
material under pressure. Heat is supplied by burning wood or coal in a small grate 
underneath the tank. Steam-jacketed tanks are also used. 

Bituminous Macadam. This form of pavement is also known as 
“ asphalt macadam,” “ bituminous gravel,” “ bituminous broken stone,” 
“ asphalt broken stone,” etc. Its wearing course is composed of mineral 
particles bound together and having the interstices filled with a bituminous 
binder introduced by the. “ penetration method,” which consists in first 
rolling the mineral particles in place and applying the melted bituminous 
binder afterwards. 

Foundation Course. The firmer the foundation, the more durable will 
the pavement be. Either a Telford macadam, or well drained gravel 
foundation is recommended. Sand or gravel roads are frequently too 
soft to give good results. If the foundation is worn or rutted or filled with 
holes, it should be levelled and rolled before the surface course is applied. 

Mineral Aggregate. Upon the foundation course is spread an inter¬ 
mediate course composed of 1to 3-in. broken stone, which after rolling 
is compacted in a layer 2 in. deep on old macadam roadways to 5 in. deep 
on new roadways designed to carry heavy traffic. This is bonded together 
by filling the. interstices with smaller-sized stone, sand, screenings or 
stone-dust, and rolled until thoroughly compacted. Upon the inter¬ 
mediate course is spread the surface course which is subsequently treated 
with the bituminous binder. When the surface course is to lie applied in an 
uncompacted layer 4 in. thick, corresponding to 3 in. after rolling, the 
stone particles may vary from 2 to 35 in. When the surface course is to 
be applied in an uncompacted layer 3 in. thick corresponding to 2 in. 
after rolling, the stone particles may range from 1 to 2J in. All depres¬ 
sions must be filled. Crusher stone consisting of cubical fragments gives 
the best results. Crushed gravel may be used for the mineral aggregate 
in localities where broken stone is not obtainable. 

Bituminous Binder. The binder used in penetration method may con¬ 
sist of the following groups of products: 

(1) Native asphalts used alone when of a suitable consistency, or else fluxed to 
grade with softer native asphalts, residual oil, soft residual asphalts or soft blow a 
petroleum asphalt. 

(2) Asphaltites fluxed to the required consistency and fusing-point with residual 
oil, soft native asphalt, soft residual asphalt, or soft blown petroleum asphalt. 

(3) Residual asphalts used alone when of the required consistency, or else fluxed 
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to grade with residual od, soft native asphalt, soft residual asphalt or soft blown 
petroleum asphalt. • 

(4) Blown petroleum asphalts used alone when of the pro|ier consistency, or 
else fluxed to grade with soft native asphalts, residual oils or soft residual asphalts. 

(5) Water-gas-tar pitch, od-gas-tar pitch, gas-works coal-tar pitch or coke-oven- 
tar pitch, used either singly or in various combinations, and without other additions 
when of the required consistency; or else if too hard, cut bark to grade, with the 
corresponding liquid tar ovu|K>mtcd to remove the highly volatile oils, or a small 
proportion of high boiling-point distillate derived therefrom. 

The bituminous binder should comply with the* following tests: 


V|*W* 0 ««|t\ l>\ flout tl **t ilt 1 lil!° I' (T< «t Sr /1 
IVriftrition at 77° F (Test t»M 
Ffiiptrlimit al .12° F (Tr-t ‘.I/O 
Durtihtv al 77° F ('!’<**I IIhi or 10M 
FiiHiiiK-point (H arid If luftliod, Ift/ii 

Imi*miiK-|ioiii 1 i('ii 1 m tuptriod. T<-m lot) 
\olalil<* at .f2ft G I- in fnt* hours CIV*>t Urn) 
IViiPtration rf*iilu«* al 77° F (T«*st %) 

Flash-point (Ti't 17<r) 

])|wtill Itlon lost (Tf-t JOl 
To 170 ’ C (U\ wt-iuhn 
Tt» 270" C (l>\ wt-ighn 
To :mk)° c (,i>\ wi-iultii 
Fusing-point rt'-idiif (T.-t 1 '■>< i 
Soluble m carlxm tlistilplinlt- ( Ft **l Jlol 
Non-miinTal matter irisnlulilc (Tout 21/0 
M moral mat Or (Test Jl<) 

('arlx'iit's lTest 2J( 

Soluble in SS" naphlli.i (T<hI J 0 


I ar 

I’rotjm 1 h 


Asphnltu* 

I'mlurli* 


s*. I1.V 1 

> .Fj:.° F 

• I', 

• 10 ', 

• 20\ 

s' 1 VI' I 

-1v; 


I 

; 


SO 100 
>H 

> 2ft 

lift i.tv* F 


> 1 original 
ration 
> :ifto° F 


< 2 r ; 

<\ r ', 

- if; 

oft x.v; 


1‘rcjmriinj ami Applying the Surfnir Cimrxi-. The surface course is 
applied to the ittlennecliale course as deserilieil, lit a layer 2 to 11 In. thick 
when compacted, and sprinkled with bituminous binder under a pres¬ 
sure of 30 to 00 lb. per square inch born a mechanical contrivance similar 
fo that user I in (lie surfacing method. Very soft rock should lie sprinkled 
befnir rolling. The bituminous material limy lie heated lictwcen 2. r i0 anti 
300° F. in the ease of tar products and from 300 to 3AO"' F. with asphaltic 
mixtures, and applied at the rate of J gal. ]x r square yard for each inch 
thickness of the compacted wearing surface. The road is then imme¬ 
diately covered with n dusting of J in. screenings preferably heated, and 
well rolled with a 1.5 to 18-ton roller, after which a seal-coat of bituminous 
material (p. 367) is applied, at the rate of \ to 5 gal. per square yard, 
covered with chips and again rolled. 
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General Considerations. The following precautions should be observed: 

(1) The foundation course should I* unyielding and substantial. 

(2) Tough and durable stone of cubical form and free from dust should be 
used as minoral aggregate in the wearing course. 

(.'!) The bituminous binder should la; distributed uniformly throughout the entire 
wearing course. This may be assured by applying the binder in two or more layers 
on relatively thin courses of aggregate. 

(4) The bituminous binder should Ire applied in just the right quantity, neither 
too much nor too little. If too much is applied, the binder will “ bleed ” from the 
road in warm weather, and if too little, the lionil will be broken in service. 

Bituminous Concrete Pavements. This method differs from the fore¬ 
going in the fact that the mineral aggregate is heated and mixed with the 
bituminous binder before it is applied to the road. This overcomes the 
main difficulty of the penetration method and insures a uniform distribu¬ 
tion of the bituminous material. The name “ bituminous concrete ” 
is given on account of its analogy to a Port land-cement concrete, in which 
the mineral aggregate has its voids filled with Portland cement in one case 
and with a bituminous cement in the other. It has also been termed 
“ stone-filled sheet asphalt pavement,” and may be regarded as a mortar 
of the composition used in the construction of the surface course of sheet 
asphalt pavements, having { to 1} in. stone uniformly distributed and 
cmlredded therein. This type of construction is rapidly superseding 
bituminous macadam, in spite of the fact that the latter is considerably 
less expensive. The modern tendency is to produce a very dense wearing 
course, characterized by a smaller proportion of voids than in bituminous 
macadam. 

Foundation or Base Course. The most satisfactory foundation con¬ 
sists of a Portland-cement concrete, or a well-compacted macadam; less 
satisfactory results being obtained from gravel or broken stone founda¬ 
tions. The same precautions should be followed in levelling and grading 
the macadam, broken stone or gravel foundation as described under the 
respective headings “ Bituminous Surfacings ” and “ Bituminous Mac¬ 
adam.” In the ease of a Portland-cement concrete foundation, the direc¬ 
tions should l)c observed as described on p. 3t>7. Macadam foundations 
should never be less than (i in. thick, or Portland-cement concrete less than 
4 in. 

Mineral Aggregate. This should lie selected and proportioned with the 
greatest care, since the success or failure of the pavement will largely 
depend upon the character and blending of the aggregate. It may con¬ 
sist of a screened rock of the sizes used for the penetration method, or an 
attempt may be made to reduce the percentage of voids by using a graded 
aggregate consisting of crusher-run stone, or a mixture of crusher-run 
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.stone with sand, with or without the addition of dust or filler. When such 
aggregate is not available, sand passing a J -in. screen and gravel ranging 
in size from j to li in. may lie used in such proportions that the mixture 
will have the smallest percentage of voids (determined as descrilied on 
p. 360). The stone should lie hard and tough with cubical fragments. 
Crushed quartz or trap-rock are recommended, but hard, finely crystalline 
limestone will also give good results. Granite is less satisfactory, and 
gravel should only be used where the other ty|ies of stone an 1 not procur¬ 
able. Slag, shells or cinders are not recommended. In the western |mrf ion 
of the United States, where hard rocks are not available for aggregate, 
bituminous concrete pavements have not given very satisfactory results. 

The sand should Ik? clean, graded and comjxwed of uinhum sharp grains, neither 
too angular nor rounded. Sands are classified its 1 tench, river, hank, disintegrated 
sandstone and artificial sands, hut each group varies in its characteristics, so that it 
is im|X)ssihle to reach any conclusions regarding their relative efficiencies without 
subjecting them to a granularincfnc examination. 

Sometimes the sands carry sufficient fine particles to satisfactorily fill the voids 
When this is not the case, additional dust or filler should Ik* added, consisting of 
ground limestone, trap-rock, volcanic rock, silica, shale, ixiwdcrcd clay or marl and 
either Portland or natural cement At the present time limestone dust is most 
commonly used for this purjiose and sometimes Portland cement Killers should Is* 
of such a texture that at least 75 jier cent will pass a 200-mesh sieve, and not less 
than 00 |>er cent remain susjiended in water at 0<S° K. for fifteen seconds (we 
Elutnation Test, p. 541.) The amount of filler added will dcjicnd ii|>on: 

(1) Whether the bituminous cement contains mineral matter 

(2) Whether there are any fine particles of “ dust ” present m the sand. 

The grading of the stone, sand and filler should Is* controlled very carefully to 
obtain an aggregate of the greatest jMWMble density, or in other words, the smallest 
percentage of voids. Thus, the voids of the broken stone should Is* completely 
filled with sand, the voids of the sand in turn filled with dust, and the voids of 
the dust in turn filled with bituminous cement 'Ihe “voids ' may lx? determined 
by finding the sjieeifie gravity of the stone, sand and dust res|»ectively, and then 
calculating the projiortion of voids in a given volume I his may Is? arrived at by 
finding the weight of a given volume moderately compacted. 1 he voids will then 
lie found by dividing the weight by the gravity, and subtracting the result from the 
volume The voids are figured in percentage 

Another method consists in filling a receptacle of exactly 1 eu ft. capacity with 
the aggregate moderately compacted A measured volume of water is jxuired into 
the receptacle until it is ready to overflow, the exact volume of water used Isang 
equal to the volume of voids in the aggregate or filler under test. I he propor¬ 
tion of bituminous binder to l>c added should Ik* calculated from the volume of 
voids in the completed mineral aggregate. In most cases the proportion of bitu¬ 
minous cement is expressed in percentage by weight of the final mixture containing 
the aggregate. 'Phis, however, is liable to give misleading results, as correctly jwintixl 
out by Hubbard, 1 who suggests that the specific gravity of both the aggregate and the 

"The Bitumen Content of Coarse Bituminous Aggregates,” Proc Int. Attoc Tetting MaUnaU, 
6th Congress, 11, XXV-2. 1912. 
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pure extracted bituminous cement should be reported. To show the fallacy of the 
method of expressing the proportion of bituminous cement by weight, Hubbard 
assumed the case of two aggregates both having the same percentage (6 per cent) 
by weight of bituminous cement free from mineral matter, the aggregate in one case 
having a specific gravity 2.50 and the pure bituminous cement 1.17, and in the 
other case the aggregate 3.50 and the pure bituminous cement 0.96. The per¬ 
centage of bituminous cement by volume will, however, vary greatly as shown by the 
following figures: 



Per Cent 
by Weight. 

Specific 

(Iravity 

Proportion 
by Volume 

Per Cent 
by Volume. 

Firtt mixture: 





Aggregate. 

94 

2 50 

37 0 

88 

Pure bituminous cement. 

6 

1 17 

5 1 

12 

Total. 

100 



100 

Second mixture: 





Aggregate. 

04 

3 50 

20 9 ’ 

HI 

Pure bituminous cement.. . . 

li 

0 -90 

0 3 

19 

Total. 

100 



100 


It will l>e observed that although l>oth mixtures contain the same fjerccntage 
of bituminous cement by weight , they show a variation of 7 per cent in their |x*r- 
centages expressed by volume, which is more than sufficient to result in the success 
or failure of the paving mixture. The following figures show the relation of the 
percentages by volume and weight of a dense mixture used for heavy traffic (River¬ 
side Drive, New York City). 1 



Per Cent 
by Weight 

Per Cent 
by Volume 

Pure asphalt (Bormudes) 

0 82 

22 48 

Portland cement 

10 25 

8 03 

Sand. ... . 

20 04 

24.39 

Stone . 

53.29 

45 10 

Total 

100 00 

lOt) 00 


Specific gravity at 77° F. when ultimately compressed: 2 434 


In arriving at the proper proportions, neither the dust nor the bituminous cement 
Should be present in excess, as the former would tend to make the mixture difficult 
to apply, and the latter would make it soft and mushy. 

Bituminous ooncrete pavements may l>c sub-divided into two classes, viz.: 

(1) Containing less than 10 per cent of stone passing a $-in. screen and having 
greater than 21 per cent of voids, based on the so-called “ Topeka specification and 

(2) Containing greater than 10 per cent of stone passing a $-in. screen and 
having less than 21 per cent of voids in the mineral aggregate, based on the “ bitu- 
lithic specification." 1 Typical mixtures are included in the following table: 

> Priv*U communication from Clifford Richardson. 

•Embodied in U. 8. Pate. 675,430 of Jim. 4, 1901; 727,505 and 727.512 of May 5, 1903; 
738,865 of Sep. 15, 1903; all issued to F. J. Warren. 
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Topeka 



Richard- 

Bitu- 


Richard- 

Wash- 


Mix- 

l sed in 

l sod m 

sod's 

lit hir 

Warren- 

son's 

ington, 


turo 

N Y 

Spokane 

Mix- 

Mix- , 

ite. 

Mix- 

D, (*. 





lure 

tu re 


lure 

1011 14 

Passing 200-mesh sieve 

5-11 

11 9 

4 8 

8 7 

4 7 

fl 10 

2 10 


I'.iHHiiiK 1(H)-mesh sieve 



5 10 

8 0 




3 10 

Passing 80-tnesh sieve. 


14 5 

10 20 

8 7 


15 20 


1-2 

Passing 40-mesh-sieve 

18-30 

18 <1 

15-30 

23 2 




3 0 

Passing 10-mesh sieve. 

25-55 

18 9 

25- 40 

10.0 

24 32 

5 10 

25 35 

15 30 

Passing 8-mesh sieve. 







1 3 

1-3 

Passing J in. screen.. 

8-22 

19 1 

15-40 

22 0 

K 12 

5 10 

3 12 

3-20 

Passing 1 in screen. 

<10 

8.1 

<10 

10.0 

12-20 

10 20 

10 30 

15 25 










Retained on 1 in. screen 





30 50 I 

40 00 

l 0 10 

O 20 

Itit ominous cement 

7-11% 

8 99J 

7 10% 

S 2% 

7 9»%, 

5 10% 

7 9%, 

7 8%, 

Voids m aggregate 

>21% 


>21% 

>21% 

<21 % 

<21%, 

15 20% 

20 21% 


Percentages exprcswd b\ weight. 


Bituminous Cement or Binder. The bituminous cement is seuii- 
solitl in consistency, and may be composed of the groups of bituminous 
materials enumerated under “ Bituminous Macadam ” (p. 360). It 
should comply with the following characteristics: 



Tar Produ<is 

j Asphaltic Products 

\iHcnsitv hv float test at 122° F (Test 8d) 

120 1M) 


Penetration at 115° F (Test 95) 


<350 

Penetration at 77° F (Test 96) 


60 120 

Penetration at 32° F (Test 96) 


>25 

Ductility at 77° F (Dow Method, Test 10a) 

> 10 

> 10 

Tensile strength at 77° F. (TeKt 11) 

>0 5 

>0 5 

Fusing-point (K and S method, Test 15a) 


ho no* f 

Fusing-point (R and H method, Test 156) 


100 13ft* F 

Fusing-point (Cube method, Test IV) 

115 15(1* 1 

<3% 

Volatile at 325° F. in five hours (Test 10a) 


Penetration residue at 77° F (Test 96) 


> i original penetration 

Volatile at 500° F in four hours (Test 16a) 


<7% 

Flash-point (Test 17a) 

Distillation test (Test 20)• 

>3.50° F. 

>400* F. 

To 170° C (by weight) 

<1% 


To 270° C (by weight) 

<10% 


To 300° C (by weight) 

<20% 


Fusing-poiut residue (Test 15c). 

<175° F. 

f > 65% for Trinidad binder 

Soluble in carbon disulphide (Test 21a) 


l > 95% for other binder* 

Non-mineral matter insoluble (Test 216) 

15-25% 

<2J% 

<*% 

( <30%, for Trinidad binder 

Mineral matter (Test 21c). 

l <3J% for other bioden 

Carbenes (Teat 22). 


<2% 

(Test 23). 


> 75% 
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The important featureH of the bituminous cement are as follows: 

fl) Its penetration (Test 9/>) should be controlled within definitely prescribed 
limits. 

(2) It should 1m* slightly susceptible to temperature, changes (Test (W). 

(.'{) It should possess great ductility (Test 10«). 

(4) It should have great tensile strength (Test 11). 

(5) It> should show but a small percentage of volatile matter (Test 16). 

(6) Asphaltic cements should contain only small percentages of non-mineral 
matter insoluble in carlion disulphide (Test 21a), also carbenes ('Pest 22) 

(Jood results have been obtained by utilizing the surfacing material ripped from 
old sheet asphalt pavements (p. dfiS), mixed with a suitable proportion of coarse 
stone, and enriched with additional bituminous cement, softer than that originally 
employed in the sheet asphalt surfacing mixture, 1 since the bituminous cement of 
bituminous concrete pavements should be considerably softer than that used m the 
wearing course of sheet asphalt pavements. 'Hie following figures show the rela¬ 
tive {xmetrations at 77° I*’, (needle jMmtrometer lest M): 

Wearing surface of sheet asphalt pavements , .. Average of 55 

Bituminous cement in bituminous concrete pavements Average of 85 

Bituminous binder m bituminous macadam pavements Average of 120 

The greater the percentage of filler in the aggregate, the softer the bituminous 
cement may be, and the larger ifs proportion incorporated in the mixture (sec 
Sheet Asphalt Pavements, p. HOP). 

Preparing and Applying the Mixture. The host practice provides that 
the stone and sand (or tiller) shall lie heated separately in a rotary heater, 
as the particles of sand due to their smaller size will heat more rapidly. 
With tar products, the aggregate should he heated not exceeding 300° F., 
and with asphaltic products not exceeding 100° F. The coarse and 
line portions of the heated aggregate respectively are stored in separate 
bins so that may lie weighed individually.- The bituminous cement 
should also he melted separately to a temperature corresponding to that 
of the aggregate, whereupon suitable proportions of the stone, sand, 
filler and bituminous cement are mixed together in a twin-pug or other 
suitable mixer (sec p. 372) for at least one minute at a temiierature of 
275 to 375° F. When thoroughly mixed, the bituminous concrete, now 
at a temperature of 250 to 325° F., is hauled to the road in covered wagons, 
and spread on the street at 230 to 280° F. with heated rakes or shovels 
forming a uniform layer of the desired thickness. The mixture is there¬ 
upon compressed by an 8 to 10-ton roller into a uniform layer either 2 
or 3 in. thick, depending upon the severity of the traffic encountered. 
Another alternative, representing what is now considered to be very good 
practice, consists in first, applying 2 in. of dose binder (see Sheet Asphalt 
Pavement, p. 308), which in turn is surfaced with 1 to 1 j in. of bituminous 


I It. S. P.t 0:19.litis III Nov, 2, 1<>0(I to J A W. Pine 
•Clifford Richardson, Eng Nrvt, 80, 100, 1008 
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concrete (asphaltic). The read may he finished in this manner, or it 
may be finished by applying a seal coat If without the seal mat, a light 
dusting of powdered limestone or Portland cement should lie spread on 
the surface and rolled in. 

1’inixhiny Coitrxi' Ailijnijutcs with II Suit font. To obtain the best 
results with coarse aggregates a seal coat should lie applied under pres¬ 
sure at 2(H) to 350° I ., and manipulated in substantially the same manner 
as described for bituminous siirl'acmgs i"car|«‘t coats "y using J to 1 
gal, per square yard, covered with pea giavol or stone chips (the pm tides 
measuring to in. in diameter) at the rate of 1 cu.vil per AO io liKI 
sq.yd., and firmly rolled in place In some cases the seal coat consists 
of the same bituminous cement used for preparing the bituminous con¬ 
crete, and in other instances a harder bituminous cement, testing as follows: 


(TYst 1IM 


(Tv-t i:„n 
(Tut I.V’i 
(T,„, t.vi 
(Tent lt«i) 


(Ti-'t \7a) 
(T*Uiit) 


l’i m tr.umn it 11 1 

l'i in traii-Mi at 77" I' 
l‘< in 11 it mu at -i- ’ I 
] IlMlljr-JHHIlt ih uni > tm tlli-llt 
I u-iiiu-pniiit (It uni If nntlmil) 

I U-lllJ-'-polIlt (( III" Iln I ImuI 1 
\ <>ialil- at IJV I III l»" li<atrs 
l’i iH’iraimn r* -j»Iih* d 77" I 
IN m ir ttmti pm-Iik it I.’" I 
\ i.l-itil. it 'i(M)' 1 I in tiair Ii'hii- 
I I i-h'|>"int 

1 )iii i iht \ sit 77 ’ I (I >"« I"’ tlm'l 1 


1 . -s tl.iti, HMI 
Ui to 

11 r< at> r than 10 
I in 11 V I 
1 .(I I in" I 
17% JIMi I 
l.-N tl.UI, 1*. 
i ,r< ill r than 7N 
(.r< it,r thm Hi 

| . s ill III t' , 

I .(• ill r th III HKI 1 I 
(,i< i(* i th'iu J 


The re,11,uni,.a le-ts cl lie, ea-c st,n„|,l he the -„lle :e (nr the ecu.I III Hie 

bituminous ronriHi* 1 1\<*i 

(I, limit Consent,,,,,- When proper], i un-ton I *' I. l.il umin»ti- nmerele n 
as illiral,te a- am lonn of l.ll,miu'lous pivemenl. bill P- „sl l- high I' has 

advaiitage over the -I,eel ..semen, in he,pi I, - -hppev >„ «•'( «•-'"« 

weather, due to the got emhedded 1,1 I he I allures are . to IITI-t 

foundation, the improper propo, lionmii of (tie -WTO'-do. o; the u-' o a iiliiimii c 
mmuit of fault\ flntr.irlcn-'tic^ 


Sheet-asphalt Pavements, A sheet-asphalt pavement is one pre¬ 
pared bv the mixing method, rot.I "I an into,mediate or binder course 

of bituminous concrete, and a wealing course composed of asphaltic 
cement amt sand of ,„„/,/„»«)«-/ '/»'#"• «>"' " r ,l '" 

of mineral filler (dust). 

FoumIuIhm or lion t our*. The foundation or base course may 
consist of a brick or a block pavement, and sometimes old macadam 
The most satisfactorv foundation is composed of l*oitlan.l-ocment mnere e 
4 to I) in. (luck, depending upon the seventy of ,rathe, 1 he concrete 
should consist of I’oitland cement, gravel or broken stone, and sand in 
proportions ranging from I : 2 : A to 1 : 3 : (!, decoding u,»,i, the nature 
of the aggregate available. The surface of the hydraulic concrete should 
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be levelled carefully and finished smooth, since any irregularities will bo 
transmitted to the wearing course, giving it an uneven surface. 

Intermediate or Hinder Course. This may lie classified in two types 
known as “ open binder ” and “ close binder ” respectively. The former 
corresponds to the ungraded coarse-aggregate bituminous concrete, and 
the latter to a graded bituminous concrete. Asphaltic cement is used in 
both cases. The binder course is constructed I to 2 in thick after com¬ 
pression, depending upon the severity of the traffic. 

The open binder is prepared from broken stone, the fragments of which 
arc largely of one size, ranging from $ to 1 in. in diameter. No attempt is 
made to secure a graded aggregate or a dense mixture free from voids. 
Trap rock or hard and tough limestone (non-crystalline) is best suited for 
the purpose, although in certain cases granite may be used where the other 
rocks are not procurable. 

The average weight of crushed stone suitable for the binder course 
approximates l(X) lb. per cubic foot, requiring li.J to 5J per cent by weight 
of asphaltic cement. It is prepared and laid in the same manner as bitu¬ 
minous concrete pavements. The same asphaltic cement may be used in 
the open type of intermediate course as in the surface course (see p. 370). 

A close binder is better adapted to withstand heavy traffic than an 
open binder, and is now largely being used in place of the latter. It is 
prepared in the same manner as asphal'ic concrete (see p. 302), and is 
laid in a course measuring I to 2 in. thick when compressed. Old asphalt 
pavements as they are removed from the street preparatory to resur¬ 
facing are often converted into close binder, as previously described, by 
heating with steam and mixing in broken stone and asphaltic cement to 
increase the percentage and soften the consistency of the cement present 
in the old mixture. 

Surface or Wearing Course. This is composed of a graded sand, tiller 
and asphaltic cement. The durability of the pavement will depend: 

(1) Upon the care with which the mineral aggregate is graded. 

(2) Upon the percentage and characteristics of the asphaltic cement. 

The following points are of importance in arriving at the basis of a 
proper surface mixture: 1 

(1) Aggregate passing a 200-mesh sieve. 

(2) Aggregate passing 80- but retained on a 200-mesh sieve. 

(3) Aggregate passing 40- but retained on an 80-mesh sieve. 

( 4 ) Aggregate passing 10- but retained on a 40-mesh sieve. 

(5) Aggregate retained by a 10-mesh sieve. 

(6) Pure asphalt present (free from mineral constituents) 

1 For an explanation <>f t|ie various moves used, hpo p. MO. 
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The following mixtures have given good results: 



Specifications, Horoi <.ii 

| Ha it ahdson’h 

1 

! Fifth Aa ► . 


of Manhattan 

I Sl’H IV1< ATIONS 

N y Cm 


Medium 

i lleaxv 

Medium 

| H« aw 

j Hem V 


Traffic 

■ Traffic 

| Traffic 

[ Traffic 

Traffic 


Per ('em 

I Per Cent 

Per Cent 

Per Cent 

[ Ptr Cent 

Paining 200-inosh 

12-18 

18-20 

10 0 

13 0 

17 4 

Panning 80. retained 200 ! 

10-80 

13-30 

IK 0 ! 

20 0 

33 4 

Panning 40, retained 80 

20-5.1 

20 55 

38 0 

34 5 

32 I 

Passing 10, retained 40 

10-35 

10 80 

21 0 

Hi 0 

21 5 

Hf'tained 10-meah 

0 

" 

0 0 

0 » 

3 7 

Asphaltic cement (pure) ! 

» .» 12 

HI 0 12 V 

III ii 

HI 5 

10 0 


A projierly balanced mineral aggregate should emit tin ^ulIi«>ion«lv fine nmteri:il 
“ passing 200-mesh,” to make the compressed pavement ttense, tough, slightly mis- 
eeptible to tenqieratiire changes, unatTeeted l»y \\a»ei, md not liable to displacement 
in service. Too much material “ passing 200-mcsh " will cause the pavement to 
“ball up” and prevent it from spreading easily while in a heated condition; it in 
also apt to make the finished pavement “ mushy " and liable to indentations; anti 
it will consume an excess of asphaltic cement, at a eorresjHmdmgly increased ex¬ 
pense. The fine material “ passing 200-medi ” is usually added in the form of 
“ Idler, ” or “dust” (see p dlid), the quantity of which will dejiend largely upon 
whether or not the asphaltic cement itself contains mineral matter Thus in the 
ease of the Trinidad asphaltic cement, naturalK containing a |>ercentago of clay and 
silica, 20 [>cr cent less filler must be added than with a Mermude/, asphaltic cement 
almost free from associated mineral constituents The quantity of tiller to lie added to 
the sand should be regulated -•<» that the suif.ua* nnxt.iie will contain not less than It) 
]M*r cent “ passing 200-mesh ” when the pa\ement e to In* subjected to moderate traffic 
conditions, nor more than IS |>er cent, when intended to withstand heavy traffic. 

The aggregate must contain sufficient partidcs “ passing SO but retained on a 200- 
mesh sieve ” to overcome the tendency of the filler to “ ball up ” the surface mixture 
while it is lieing spread on the pavement, enabling the mixture to spread out easily and 
form a dense surface under compression, capable of resisting the action of water. 

The particles “ passing 10 but retained on a 40-mesh sieve” from the “ bnek- 
fioiie ” of the pavement, as it were, preventing the mixture from Incoming displaced 
in service, and forming a less slipjierv wearing surface 

Asphaltic cement should Ik* present in just sufficient quantity to completely fill 
the voids in the aggregate after compression loo little will form a pavement 
lacking strength, and liable to crack ujhmi Isung subjected to changes in tct»i»ra- 
ture Too large a projxirtion will make the surface mixture “ musliv so that the 
particles of sand arc apt to Income displaced under traffic Modern practice calls 
for 9 to 17 j>er cent of asphallic cement. de|K*ndmg upon the character of the nggre- 
gate and the conditions under which the pavement will Ik* subjected. Richardson 
has patented a mixture containing at leant 10 |s*r cent mineral particles passing 
200-, 100- and 80-medi sieves resjieetively, and not less than 10 J per cent pure 
asphalt. 1 

1 U S. Pat. 007384 of Jul 2(1. 1898 to Clifford Kichardaon. 
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It is unusual to find one sand fulfilling all of the foregoing requirements. Gen¬ 
erally two or more sands must l>e blended together, and a suitable pro|K)rtion of 
filler added, to produce an aggregate of the optimum characteristics. Richardson 
makes a special virtue of the fact that refined Trinidad asphalt contains naturally 
about 27 per cent filler composed largely of “ colloidal ” particles. 1 In some cases 
an aqueous paste of “ colloidal ” clay is puqiosely added to pure asphalts to sim¬ 
ulate the-Trinidad mixture.* Oklahoma rock asphalts currying about 12 per cent 
of pure asphalt are well suited for constructing sheet asphalt pavements, as they 
are resistant towards atmospheric conditions and do not become brittle at low 
temperatures, thus resembling the Seyssel and Neuehatel asphalts. 3 It is estimated 
that 2J-131 million tons are available. 1 

The following figures show the relation lie tween the percentages by weight and 
volume in a standard surface mixture/' 



llv V\ eight 

Per Cent 

Ii> \olunie 

Per Cent 

Pure asphalt cement 

10 5 

23 1 

Pussing 200-mesh sieve 

1.1 0 

11 4 

Passing 100-nu*sh sieve 

13 0 

11 1 

Passing 80-ntesh sieve 

1.1 0 

11 1 

Passing 50-mesh sieve 

23 5 

20 0 

Passing 40-mesh sic\ e 

11 0 

1) 4 

Passing 30-mesh sieve 

8 0 

6 H 

Passing 20-mesh sieve 

5 0 

4 3 

Passing 10-mesh sieve 

3 0 

2 8 


100 0 

100 0 


Asphaltic Cement. The asphaltic cement should lie somewhat harder 
than that used in bituminous concrete pavements, complying wi*h the fol¬ 
lowing characteristics: 


(Test W>) 

Float test at 150° F* 

Less than 10 minutes 

(Test 96) 

Penetration at 115° F* 

Less than 300 


Penetration at 77° F • 

25 45 


Penetration at 32° F * 

Greater than 10 

(Test 10a) 

Ductility at 77° F (Dow method) 

Greater than 20 

(Test 15a) 

Fusing-point (K and S method) * 

90 120° F 

(Test 156) 

Fusing-point (B and R method) * 

105 140° F. 


'“The Theory of the Perfect Shoot Aon halt Surface," Clifford Richardson. J Ind Eng Chem , 
T, 463, 101 A; " Importance of the Relation of Solid Surface* and I.ttpmi Films in Some Types 
of Engineering Construction," Clifford Richardson, I'roc. Iff stern Sue Engineer*, Chicago, Nov. 
20, 1910. 

Ml. 8. Pats. 1,198,769 and 1.108.05A of Sep. 19, 1016 to Clifford Richardson 

*" Weathering of Rock Asphalts of l 1 . S hi Pavements," S F Perk ham, Prows Am Inst 
Chem. Eng, 5, 245, 1913. 

• "Oklahoma Rock Asphalt# for Paving," L. C. Snider, J Soc Ch<m Ind , 34. 30. 1015 

• Private communication from Clifford Richardson 

•The float, penetration and fusing-point tests apply to pure asphaltic cement free from mineral 
constituents. In the case of Trinidad asphaltic cement these tests should be performed on the por¬ 
tion aoluble in carbon disulphide, since the presence of mineral matter increases both the hard¬ 
ness and the fusing-point of bituminous mixtures (see p. 346). TIiib is important and should not 
he overlooked 
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(Test 16a) 

(Te.t 17a) 
(Tost 21a) 

(Test 216) 
(Tost 21c) 

(Test 22) 
(Tost 23) 


Volatile matter at 32.’»° F in ft lira T.eiw than 3% 

Penetration of residue Greater than ) of the 

oriKWinl penetration 

Flash-point (Penskj-Martens tester) ('.renter than 350° F. 

Soluble in carbon disulphide. 

In the case of Trinidad asphaltic cement Greater than ftft%, 

In the case of other asphaltic cements Greater than 1*5% 

Non-mineral matter insoluble 

In the tase of all asphaltic com* nts laas than 3% 

Mineral matter. 

In the cast* of Trinidad asphaltic cement I ess than 35% 

In the case of title r asphaltic tements less than 4','. 

Carbones . I < than 2% 

Solubility of non-mineral constituents in ss° 

naphtha Great, r than 70% 


Typical asphaltic cements prepared from Trinidad ami liermuder. asphalt*, 
respectively, by fluxing the refined asphalt with a residual oil derived from a mixed- 
base iMitrolcum test as follow*: 


(Test 7) 
(Test 96) 


(Test 9c) 


(Test ftrf) 
(Test 106) 


(Test 11) 


(Test 15a) 
(Te-t 156) 
(Test 15c) 
(Test Ida) 
(Test 17a) 
(Test 19) 

(Test 21a) 
(Test 216) 
(Test 21c) 


(Test 22) 
(Test 23) 


Specific irra\itv at 77° 1’ 

IVnetration at 115° I’ 

Penetration lit 77° I 
Penetration at 32° I 
Cc>HHlHtene\ at 115° I 1 
Consistem y at 77° 1 
Consistency at 32° I’ 

Susceptibility fa< tor 
l)uctibt> at 115" I' 

Ductility at 77° F 
Ductility at 32° K 
Tensile strcnjrth at 115° I 
Ten-lie strenuth at 77° I 
Tensile strenuth at 32° 1 
Fusmu-point 'k and S nuthodi 
FiiHinu-point (H and It imtlusl' 
Fusinu-point (('ube method) 

Volatile matter at 325° F in ■> hrs 

Flash-point 

hixed carbon 

Soluble in carbon disulphide . 
Non-mineral matter insoluble * 

Mineral matter 

Total 

Carbones 0 

Nni.-iiiiniral limit™ «> ss 

nuphtha 

* ln< bnlinu »»« r of hvl 


\-phallic ('em. lit , 

Asphaltic Cement 

Prepared from | 

l*r« pared from 

1 rimdad Xsphalt | 

liermud. t Asphalt 

l 2« 

1 07 

1*0 

225 

t.5 

| •, 

lift 

12 


2 3 

7 9 

8 0 

51 7 

l»2 2 

15 2 

53 0 

15 

17 ft 

21 ft 

17 

1 

0 

0 25 

0 ft 

i* 75 

15 

l ! 

14 

115" 1 

! 115° F 

n.r f 

134 J° K 

11H" 1 

1 150" F 

2 .5*; 

3 2' 

39 s° r 

340° F 

0 1 

9 K 

Aft 7% 

97 «% 

4 K‘< 

2 1% 

29 5%. 

« 3% 

mo u'; 

100 0% 

<» r;. 

0 2% 

71 2% 

1 

7ft 8% 

ion («< •• p 113). 


Paving cement* 
residual oil having a 

»l* s 


h'lVtt la-on pntonforl ooiii|hwo(I of mixture* of Kilaonito ami 
penetration at 77" F. of .10 to 100'; also mixtures of native 
p.l WI.2S5 of Jun 1°. tall to Cl, 1 . 0 ,a Hiclmrdwn. 
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asphalts carrying loosely combined sulphur-compounds heated together with vul- 
caoizable vegetable oils.' 

Preparing and Applying the Wearing or Surface Course. The aggregate 
should be heated to a uniform temperature between 250 and 375° F., the 
asphaltic cement to a temperature between 250 and 350° F., and the two 
mixed together in the required proportions. A special form of mixer 
used for this purpose is illustrated in Fig. 117. The mixing is continued 



Flu. 117. Mixer for Preparing Paving C'ompo'-ilinri-. 


for at least two minutes. The mixture is brought to the street, in covered 
wagons, deposited at not less than 225 to 275° F. and raked into a layer 
which after compression with a roller weighing 8 to 10 tons, will form a 
wearing surface of uniform thickness from I to 2\ in. depending upon the 
conditions to which the road will be subjected. Before the final rolling, 
the surface should lie dusted with Portland cement or other fine 
powder. 

The deterioration of sheet asphalt pavements is due to: 

(1) Defective construction, including improper projiortioning of the ingredients. 

(2) The actual wear and tear of traffic. 

(3) Aging due to exposure to the elements. 


> U. 8. F»t. 1,163,5(1.1 of 11 .T, 7, 1015 to C. JJ, Forrest. 
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(4) Unfavorable environment including severe elimatie conditions, water, illu¬ 
minating gas, etc. 

These defects, due to one cause or another will manifest themselves hv cracks, 
general disintegration of the surface, formation of waves, depressions, holes, ohi|>- 
ping or peeling of the wearing course, etc. 

Asphalt Block Pavements. Those are similar in composition to the 
wearing course of sheet asphalt pavements, and in addition contain sniid' 
broken stone or grit passing a J-in. screen hut retained on a lll-mesh sieve 
also line filler. The To|>eku sjiocificutions (p. Util) have Ikvii largely 
used for this purpose. It is advisable that there should lie present at 
least 20 |kt cent of filler ])assing a 2(Kl-mesh sieve, and not more than 3 
|H>r cent of grit, retained on a [-in. screen. The aggregate should accoul- 
inglv lx 1 e<mi|K>s<‘(l of a mixture of grit, sand (or mixture of sands) ami 
filler, in such pro|xirtiims as to seeme the minimum i>crcentage of voids. 1 

From (i to t) ]xt cent of asjilmllie cement should he used, having a lower 
penetration than the cement used in the surface mixture of sheet asphalt 
pavements (p. 370) but. of a higher fusing-point (i.o., 175 to 2(H)" !'., 
11. and li. method, 'lest 15/)) to prevent the blocks lieeoming distorted 
during transportation, or when ex[wised in piles to the heat of the sun. 

The blocks usually measure 12 in. long by 5 in. wide, and either 2, 2\, 
11, I or 5 in. deep. They are made by compressing in molds at u modcately 

high temperature (300° F.) under a ... 2 to 3 tons |icr square inch. 

Their sjKH’ifie gravity at (it) 0 F. should not he less than 2.50 if traji-roek 
grit is used, nor less than 2.35 when the grit is conijmecd of limestone. 

Foumlttiion oi' Haw. Asphalt blocks may lx 1 laid on a foundation 
consisting of gravel, macadam or prefeinhh concrete. I lie foundation 
course should lie covered with a “ c ushion or “ bedding course, ei;iii|>nscd 
either of sand 1 in. thick, or cement mortar 1 m. thick, and the blinks 
embedded in the hitter liefore it commences to set. 

Liii/iiKj the Mods. Blocks are laid elo.se together, resting on the 12 
by 5-in. surfaces extending lengthwise across the street, the joints lieiug 
broken 4 in. They should be wedged together as firmly as possible to 
close the joints liolwccn them, and rammed into place. After lining 
laid, the blocks are given a light coat of sliaip, fine sand, well broomed 
into the joints, and the pavement ofiened to traffic in three to four days. 

Asphalt blocks have improved greatly in the la-1 low years and are now capable 
of withstanding severe traffic conditions without fracturing They are slightly 
more expensive than a sheet asphalt pavement, but |s rriut repairs lieing effected 
more retulily, and insure a more uniform rom|H>sitioii also a greater freedom from 
structural faults 

i l’ s I’ut K.VU Hi of May 7, 1907 to Clifford 
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The great difficulty encountered in proportioning the blocks is to manufacture 
them sufficiently hard and infusible to withstand transportation, and at the same 
time prevent the pavement being brittle in service. This may be effected by using 
a binder having a moderate penetration and a high fusing-point. When properly 
made, the blocks will weld together after a time, upon being subjected to traffic, 
so that the joints between them will liccome almost invisible. Sometimes they are 
anchored- in place with metal rods to prevent the blocks shifting. If the binder is 
too hard and brittle, instead of the blocks welding, the edges will chip and spall 
On the other hand, if the binder is too soft or fusible, the blocks will lose their 
sha|)e, becoming distorted, even before they are laid in place. 

Asphalt tiles suitable for paving floors and sidewalks are prepared in a similar 
manner. They arc stamped out in square or hexagonal units The large square 
(8X2J in.) or hexagonal (10X21 in.) tiles are laid on a foundation consisting of 
6 to 8 in. of gravel and sand, and the small hexagonal tiles (t>Xl in.), are laid on a 
3-in. foundation, in either case surfaced with J in. of mortar. 

Asphalt Mastic Foot-pavements and Floors. In the United States, 
asphalt mastic is restricted to the construction of foot pavements and 
floors, for waterproofing railway bridges (p. 432), also for lining reservoirs 
and tanks. In composition, it is similar to the 'I’opeka asphaltic concrete 
(p. 8(51), but it contains a larger percentage of asphaltic-cement, so that 
it may he laid with greater facility. It is differentiated from bituminous 
concrete, sheet asphalt pavements, etc., by the fact that the asphalt 
mastic on being heated forms a thick and slowly flowing mass which may 
he /mired into place. The mixture on being allowed to cool partially, 
is compressed by hand-trowelling to a smooth surface. Asphaltic con¬ 
crete and sheet asphalt pavements on the other hand, do not melt when 
heated, but form an adherent, powdery mass, which upon being shovelled 
into place and raked smooth, require compression underneath heavy 
rollers, to properly compact them. 

Asphalts (iml. Asphalt mastic work constituted the curliest type of 
asphalt pavement (p. 1.1), and few changes have been made in its mode 
of application since the inception of the industry. The first products 
used in asphalt mastic construction were the native “rock asphalts,” 
including Val do Travers, I.immer, Heyssel, and later on Kagusa. The 
refined rock asphalt (previously heated to expel the moisture and volatile 
oils) was first “cooked” overall open fire in a suitable melting tank provided 
with a stirrer, and combined with a purer native asphalt, as for example 
Trinidad (of which about 8 or 10 per cent was used), Bermudez, or with a 
residual asphalt, so the finished batch carried 12 to 18 per cent of pure 
asphalt, the ba'ance being composed of finely divided mineral matter 
(calcium carbonate, silica, iron and aluminium oxides, etc.). The cooking 
was performed at 350 to 400° F. The mass was then run into suitable 
molds and thus cast into flat cakes weighing 50 to GO lb. each, customarily 




WTl'MIXOrs PAYING MATKlilAbS 


37 . r > 


stamped with the name of the asphalt used. These cakes were known as 
“ rock asphalt mastic. To-day they are prepared from Trinidad asphalt, 
mixtures of asphaltites and flux, blown petroleum asphalts and residual 
asphalts, combined with calcium carbonate or finely powdered silica, 
all the ingredients I icing combined at once in a [Hirtnble rotary mixer. 
The native rock asphalts first mentioned are all still Ix'ing used abroad. 

The cakes of mastic upon being trans|x>rted to the place where they 
are to lx> used, are melted with an additional quantity of “ flux," 1 
and mixed with sand and fine gravel or " grit," in the proportion of about 
! to J. 

A brand of mastic flooring prepared from a mixture of asphaltiteami reMtlu.il oil, 
which has given very good results m service, was found on analysis to contain 
15 per cent of pure asphalt, which in turn tested as follows- 


(Test 

\)a) 

l’enelration 

at 1 

15" 1 

30 



Penetration 

at 

77° F 

11 



Penetration 

at 

32* K 

10 

(Test 

Or) 

Consist, m \ 

at 

15° F 

13 0 



Consistenex 

at 

77° F 

25 7 



Consixtenex 

at 

32° F 

55 4 

(Test 

0 rfl 

Suscrplil.illt 

- fa< 

tor 

21 5 

(Test 

Ion) 

Fusing-point 

(lx 

and S m< thud) 

11*7" F 

(Test 

ISM 

Fusing-point 

(» 

and It method) 

2It* 0 F 

Methods of 

Pre {Miration 

A 

well-known mantifm 

tun*r recommends the following 


proportions: 

“Till* im\tur< si. .11 consist lit, might nf 

Hu.k asphalt fiiuMx From to r.7 parts 

Sharp ilr\ sand ami grit I mm 3ti to .'is parts 

I-lux I mm to , r » pat la 


Total 100 100 

"The sand and grit to he dr\, sharji and so graded that the voids shall Is* re¬ 
duced to a minimum, none of the particles ninning over {-in in diameter 
these materials to Ik* mixed in mastic kettles in the usual manner (the kettle tem- 
|K*rature at no tune to exceed 400° F ), and spread at a temp*rature of from .*{00° 
to d2.V F . After spreading and as the hot mastic cools and sets, it shall lie 
lightly sprinkled with hard sand and ruhl>ed up to a smooth surface finish hy means 
of the usual sm<K>thing tools or floats" (Fig IIS) 

The rock asphalt mastic contains Ifl p>r cent hy weight of pure asphalt, and the 
finished mixture including the flux is eompwd of the following: 

Pure asphalt 17 ft 14 1% 

Finch dmded nnmrul matter pr< sent in mantle 40 2 47 

Sami ami grit added 30 0 3K 0% 

Total 100 0 100 0% 

•The " flux" mu> consist either of refined Trinidad asphalt, or it* tspinalent 'timing at about 
100° F, K and S method), for hardening roastn floora mibjcrled to high temperature*, or a mode¬ 
rately soft asphalt (fusing between 135 and 155° F, K and 8 method, penetration at 77° F.. 
40 to 80, ductility by Dow method at 77° F 10 to 30) for softening the mastic where the floora 
must remain elaetic under reduced temperature* 
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The quantities required to lay 1 cu. yd. (equivalent to 324 sq. ft. 1 in. thick) 
are as follows: 



Fluxed Gilsonite 
Mastic, 

Lbs. 

Limmer or 
Vorwohle Mastic, 
Lbs 

Rock asphalt mastic 

2170-2170 

2540-2680 

Hand and grit 

1430-1455 

1195-1350 

Flux . .... 

275- 200 

165 170 

Total . 

3875-3825 

3900-4200 



The Limmer and VorwoMe rock asphalt mastics contained 15 per cent of pure 
asphalt, and the finished composition 13.(1-14.2 per cent. 

The completed mixture contains therefore twice as much asphaltic cement as an 
asphalt concrete pavement, which accounts for the fact that the mastic may be 

melted and poured. The finely divided mineral 
matter present in the rock asphalt mastic assumes 
the role of “ filler.” The flux is not combiner! 
with the rock asphalt mastic in the original 
process of manufacture because it is necessary 
to vary the consistency of the mastic for differ¬ 
ent purposes, by adding a larger or smaller 
proportion of the flux. 

Mastic floors and pavements may l>e laid 
over wood, concrete or masonry, in thicknesses 
varying from 1 to 2 in., dejxmding upon the 
amount of traffic to which they will l)e subjected 
If the floor is over 1 in. thick, the mastic should 
l)e laid in two layers of equal thickness, breaking 
joints. When laid over wooden floors, a sheet 
of tar- or asphalt-saturated felt (p. 31)7) is 
first applied to prevent any trouble resulting 
from the wood shrinking underneath the mastic. 
, . . . When used for pavements out of doors, the 

Fiq. 118.—Tools for Finishing Mastic m(lstip shoul(1 , M ] uid on a Portland-oement 

floors. concrete foundation not less than 3 in. thick. 

Additional formulas based on the use of 
mastic prepared from Trinidad asphalt proportioned so the finished mixture will 
carry approximately 12 per cent of pure asphalt, are included in Table XXXI. 

The ingredients are combined in a kettle over direct fire heat, with continual 
stirring to prevent local overheating or carbonisation, or in a mechnnical mixing 
machine having a rated capacity of 185 sq.ft, of finished mastic 1 in. thick per 
hour. The mixture is dipped from the kettle or mixer with iron buckets and poured 
upon the dry and properly graded foundation. Its consistency is such that it will 
flow slowly, and the spreading and smoothing are performed with the trowels, the 
operation being similar to plastering. 

When the flooring is apt to come in contact with acids, in manufacturing estab¬ 
lishments or storage battery rooms, the rock asphalt mastic must be prepared with 


Stvcl hooped wooden' pail for meaauring 
land and grit and lor carrying hot mixture 
Mixing md cooking kettle 
Stirrer for agitating hoe ma« in kettle 
Shoetl for liking hoe mixture from kettle 
Spatula or ipreading tool. 

. Float or imoothing tool. 
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TABLE XXXI 
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Mastic j 



it 



Proportions by 

c 

0 

a - 
5 7 
1 1 
II 


1 

u 

■c 

Weight. 

a 

"C 

a 

3 

JB 

"3 

u 


u, 

h 

~ 

< 

Sidewalks 

'’onerete 

1 

:t:i 


Corridors, toilets 
stair treads 
Cellars and store j 

Concrete 

1 

40 


rooms, not cold ) 
storage 

Concrete 

1 

IS 


Shop*, (light traf- 





fir, etc ) 

Concrete 

1 

AO 


Cold storage 

Freight houses. 

Concrete 

1 

4 A 


platforms, rail¬ 
road shops and 
dn\eau\s 

(’onerete 

u 

AO 


Cold storage 





Bottom eourse j 

W.hkI or 

1} 

11 

to 


I op course | 

Cork 



Top eourse j 

Plating and arid 
Tank rooms 

U 




Bottom course 1 

Coin rete 

1 >1 


4 A 

'l'op course / 

or W iiimI 

Ml 


AO 

Reservoir* 

Com rete 

u 

to 


Swimming pools 





Walla and floors 

Coni rete 

1J 

It) 


H It Bridges (over 





mendirane water- 





proofing) 

Bottom eourse 

Concrete 

u 

t (1 


Top course 

Conerele 

H 

AO 


As a waterproof¬ 
ing course alone 
Both courses 

Concrete bridges 
on arches and 

(’onerete 

H 

l) 

tlA 

: 

l 

under pave¬ 
ments 





Magatinrs and 





loading rooms 
notneavytraffic 

Concrete 

1 



Fillets and coves 

Concrete 

I 

50 


Acid tanks j 

Concrete 

U 



Wood 

H 




Mineral Aggregate. 


§ - S « 

i i I i 

n C « a 


01 Foot trnffic only 
55 One-half hard flux 
sometimes 


45 Preferably. in two 
I in laj it* 

55 ( Preferably in two 
.’>0 l layer* 

40 If under heavy 

truflic 

AO One-half hard flux 

4.‘i sometime* 

.tA Minin’ protected 

with concrete or 
brick 

.1(1 Hark ol and under 

enameled briek 
facing 

Paul on paper or 
' '* dry felt 

45 Top course mop¬ 

ped with heavy 
coat of Trinidad 
asphalt cement 
and Handed 

.10 T o p protected 

with concrete or 
preferably brick 
with asphalt 
joints 

40 Applied on a 



primer coat of 
cold liquid as¬ 
phalt. 

73.7 

I’ngritted mastic 

45 

Against walls, 
columns, etc. 


Mixtures and ap¬ 


plication vary 
with conditions. 
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finely bolted silica a* filler in place of calcium carlxmate. Where the wear is par¬ 
ticularly severe or a specially durable floor or pavement is to be constructed, the 
mastic is customarily laid on a metal frame or grid, which becomes embedded in the 
floor and reinforces it in the same manner as the reinforcing metal in concrete 
The metal becomes exposed as the floor wears down and retards further attrition. 

Asphalt mastic may also be used for constructing foundations of engines, trip, 
hammers, or other heavy vibrating machinery, to deaden sound and concussion. 
In this case 40 per cent by weight of the mastic is mixed with 60 per cent by 
weight of broken stone, and tamped into place. It also finds a particular sphere 
of usefulness for waterproofing railway bridges subjected to severe vibration (soe 
p. 432). 

In Europe, asphalt, mastic is also used for finishing the roofs of buildings, applied 
in two layers totalling \ to 1 in. thick, also for the construction of subgrade water¬ 
proofing, including the " dampeourse ” of buildings. It docs not, however, give 
satisfactory results on vertical surfaces exposed to the weather. 

Bituminized Wood-block Pavements. Oreosotcd wood-blocks arc 
being used extensively for paving roads, foot-paths, floors of buildings, 
etc. 

Methods of Impregnations. The “ Proposed Tentative Specifications 
for Wooden Paving Blocks ” issued by the American Society for Testing 
Materials, 1917, provide that: 

"The wood, which shall be treated, shall be Southern yellow pine, Douglas fir, 
tamarack, Norway pine, hemlock, or black gum. Only one kind of wood shall In* 
used in any one contract. The blocks shall lie sound and must Ik* well maimfac- 
factured, square-butted, square-edged, free from unsound, loose or hollow knots, 
knot holes, worm holes, and other defects such as shakes, checks, etc, that would 
lie detrimental to the blocks. 

The numlwr of annual rings in the 1-in. which logins 2-m. from the pith of 
the block shall not Ik* less than six, measured radially; provided, however, that 
blocks containing lietween five and six rings in this inch shall lw* accepted if they 
contain 33 J i>er cent or more summorwood. In cast* the block does not contain 
the pith, the 1-in. to Ik* used shall begin 1-m. away from the ring which is nearest 
to the heart, of the block. The blocks in each charge shall contain an average of 
at least 70 |K*r cent, of heart wood No one block shall lie accepted that, contains 
less then 50 |kt cent of heart wood." 

The size of the blocks ranges as follows: 

Depth I let ween 3 and 1 in. deluding U|K>n the severity of the traffic to which 
they are to Ik* subjected, usually 3 in. for light, traffic, 3J for medium and 4 in. for 
heavy traffic conditions. 

Width should Ik* uniform for any particular |>avomeiit, but may vary lictwccn 
3 and 4 in. The best practice provides that there should Ik* a difference of not 
less than } in. lietwcen the width and the depth, which under no circumstances 
should lie made equal. 

The length will vary in any particular lot, lietwcen 5 and 10 in., averaging about 
8 in. Blocks 3 in. deep should not exceed 8 in length, blocks 3$ in. deep should 
pot exceed 0, and blocks 4 in. deep should not exceed 10. 



BITUMINOUS PAVINC. MATERIALS 


379 


After removing the hark, the w«xxl is cut into planks equalling in thickness the 
width of the finished block. The planks are then run through a planer, trimining 
them all to exactly the mime size (insuring a uniform width of the finished blocks), 
and finally through a set of gang-saws, which cuts them into the finished blocks. 

Formerly, the wood was seasoned out of d<s»rs from four to twelve months, 
depending upon the kind of wood, its dimensions, the season of the year and the 
lo<nhty. At the present tine this process is accelerated by steaming the blocks 
for two to four hour., in steel cylinders varying m size from ti ft. in diameter by 
42 ft. long, to 9 ft in diameter by 172 ft. long. In this treatment, live steam is 
introduced at not exceeding 20 lb. pressure |x»r square inch, raising the tempera¬ 
ture l>etween 220 and 2h)° K After the steaming, the cylinder is subjected to a 
vacuum of not less than 22 in maintained for at least one hour, to withdraw the 
moisture and Tenuous matters This is continued until the blocks an* thoroughly 
dry, whereujK'n the creosote oil heated to ISO 220° E, or a mixture containing HO 
fx*r cent zinc chloride and 20 }>er cent creosote 1 i* introduced. The pressure is 
applied gradually, not to o\eml f>0 lb. at the end of the first hour, nor 100 lb. at 
the end of the second hour, and then maintained at not less than 100 nor more 
than l. r i0 lb. until the pioper impregnation has Wen attained. The oil is pumjM'd 
from the cylinder and tin* blocks allowed to dram for aliout a half hour at a 
tomjiemture of 2011° I\ under a vacuum of at least 20 in The quantity of pre¬ 
servative introduced should range lietween fi and 12 lb per cubic foot, with blocks 
used for floors, and from 12 to 20 lb jx-r cubic foot, averaging 1(> lb., with blocks 
used for paving roads The function of the preservative is twofold, namely: 

(1) To prevent the wood from decaying, due to the ravages of fungi and moulds. 

(2) To waterproof the blocks, preventing them from warping or swelling. 

Ten jxmnds of the preservative jxu- cubic foot, are sufficient to preserve the blocks 
from decay, although a larger quantity must 1x3 used to secure the required water¬ 
proof pro|X'rtios To completely waterproof the bioeks 2. r i lb. would lie required, 
which is more than ordinarily*Used m practice 

Cmisotr I’rexirnitiivs. The so-called “ creosote " preservatives include 
the following products: 

(1) Distillates from gas-works coal (ar or coke-oven coal tar, known 
commercially as “distillate oil.” 

(2) Mixtures of the foregoing “ distillate oil ” with not exceeding 
.'if) per cent of a gas-works coal far or coke-oven coal tar, containing 
preferably f>, Imt not exceeding 25 per cent free carlion. 2 Refined 
or filtered tars are recommended for this purpose. 

In using the creosote, care should be taken to prevent it becoming 
contaminated with water.'* 

The creosote preservative shall comply will) 'tie following specifications, where A 
ami H represent a pure distillate from gas-works coal tar or coke-oven coal tar; and 
where (', I) and K represent mixtures containing at least 05 per cent distillate oil 
from gas-works coal tar or coke-oven coal tar, and the balance a low carbon gae- 

' r S Pat, 815.404 o( Mar. 20, 1900, to J. B, Card. 

1 I'roc. Am Wood I'm. A**oc., If, 82.1, 1916. 

* Ibid . 827, 1915. 
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works coal tar or coke-oven coni tar. Specifications A and C are published by the 
Committee on Wood Preservation *; I) by the Committee on Standard Specifica¬ 
tions of the Creosoted Wood Paving Block Bureau whereas B and E constitute 
tentative specifications of the American Society for Testing Materials. 1 



A 

B 

C 

0 

E 

8 p nr fit 38° C (Teat Id) . 

>1 06 

>1 06 

1 06-1 12 

1- 07-1 11 

\ 07-1.14 

\ iarosity (Haulermethod) at 82° O/20°C. (Test8n) 

<1 15 

<1 15 

<1 3 

<1 2 


lined e»rbon (Te»t 19) ... 


<2% 



<10% 

Distillation test (Test 20). 

Up to 210° C . . 

<5% 

<5% 

<5% 

<5% 

<5% 

Up to 235° C . 

<15% 

<15% 

<30% 

<30% 

<«% 

Up to 315° C . 



35-70% 

>50% 


Up to 355° C .... 



>65% 

>70% 


Spur, distillate 235-315° C at 38° C./15.5 0 (.. 

>1 02 

>1 03 

>1 02 

>1 03 

>1 03 

8 p nt. distillate 315 355° 0 at 38° C /15.5° C 

>1.09 

>1 09 

>1 08 

>1 08 

>1 09 

8 p.nr. residue above 355° C at 25° C./15 5° C. 

• 

* 

t 

>1 23* 

t 

Insoluble in hot benzol (Teat 24) 

<0 5% 

<0 5% 

<3% 

<2 5% 

<3% 

Water (Test 25) . 

<3% 

<3% 

<3%, 

<3% 

<3% 


•If >10%, the residue ahall have float teat at 70° 0 of <50 seconds 
f If >35%, flie residue ahall have float teat at 70° C of <80 seconds 

| If residue is crystalline, granular and non-ductile, it ahall ha\e p, specific jv-avity of <1 14 


at 25° C /15 5° C. 

The city of Chicago specifies: (1) That the creosote oil shall have a specific 
gravity of 1.10-1.14; (2) leas than 22 per cent shall distil lteiow 235° C., and less 
than 40 per cent tielow 215° C.; (3) the residue after distillation to 355° C. shall 
lx* plastic and not brittle at 77° F. t and shall produce a clear amlicr-colored spot 
on filter pa|ier when warmed; (4) the distillate obtained lietween 250° and 315° C. 
shall contain not less than 5 ]wr cent of tar acids nor more than 1! per cent of 
unsaponifinhlc matter. 

Mixtures of distillate oil with a certain proportion of refined tar are supplanting 
the use of the oil alone, for the reasons that : 

(1) They are less expensive. 

(2) They waterproof the blocks more efficiently. 

(3) They volatilize less readily. 

The presence of too much tar in the creosote mixture interferes with the pene¬ 
tration, due to the fact that the tar has a greater viscosity than the distillate oil 
at hieh temperatures. An excess of free carlion in the tar will clog the pores of the 
blocks and similarly interfere with the iienctmtion. 

Foundation Course. This will vary in thickness depending upon the 
traffic, consisting of a Portland-ccmcnt concrete 5 to 9 in. thick, 
usually averaging 6 in. A 1 : 2j : 5 concrete with a smooth-trowelled 
finish is recommended. 

Cushion Layer. The best practice requires the blocks to be em¬ 
bedded either in a “cushion” or Portland-cement mortar, or a coating of 
coal-tar pitch and sand. Where mortar is used, the blocks are laid in 

* Proc. Am O’ood Pm -4moc , M, 1916 

• Proc. Am Wood. Pm. Assoc., 1, 44, 1915. 

« Ptoc. Am. Sot. Testing Materials, 1917, Standards. 
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a 1 :4 Portland cement mortar \ to 1 in. thick. 1 The mortar should bo 
prepared as dry as jxissible and the blocks rammed into place, forming 
a level surface free from depressions. The pavement must be closed to 
traffic until the cement mortar sets. 

Where the blocks are to be emlieddcd in a coal-tar pitch cushion, a 
coating of heated pitch is spread on the concrete foundation and while hot 
the blocks are rammed in place. 

The English practice, which now seems to be gaining favor in this 
country, consists in constructing the foundation course as smooth and 
level as possible, laying the blocks in place, and [muring hot tar between 
the crevices. The tar will first work its way underneath the blocks ami 
cement them to the foundation, and the pouring is continued until the 
joints are filled half way to the surface. The joints are then filled 
with a grout of Portland cement. This procedure prevents "bleeding." 

The blocks may Is’ Iasi ai rows either per|K'tuliculnr to the curb, or nt angles 
varying from I.Y" to 071°, the latter having the advantage of conforming to the 
expansion and contraction of the pavement without the necessity of providing trans¬ 
verse expansion joints. Where the blocks are laid lit right angles to the curb, j in. 
transverse expansion joints (page il.vtj should Is 1 introduced every 50 or 00 ft. 
In all eases, an expansion joint , in. wide, should Is 1 provided Mweru the blocks 
and the curb, composed either of a preformed bituminous strip (p. :iKi) or a melted 
bituminous mixture having a penetration of .'50- to at 77° K (Test Oh) The blocks 
must Is- laid as close together as |kismIiIc, with joints not exceeding i in., and levelled 
with a roller weighing not less than I tons 

Filling the Joints. Three types of fillers are employed for wooden 
paving blocks, viz.: sand, Port land-cement grout or a melted bitumi¬ 
nous composition. The last named is used most frequently." When 
dry sand is selected, it should lie of a fine texture and spread with 
a broom. Sand is the least efficient form of filler, but in time it will 
mix with the creosote oil or tar exuding or “bleeding” from the blocks, 
and form a mastic lietwcen the joints. 

Portland-content grout should lie composed of equal volumes of 
cement and fine sand, made up with water to a fairly liquid consist¬ 
ency, and after lieing swept into the joints, the pavement should Ire 
dosed to traffic until it sets. 

The characteristics of the bituminous filler will be descrilied on 
p. 382. It is swept on the surface in a melted condition, and has the 
advantages of augmenting the waterproof properties of the blocks, at 
the same time providing for their expansion and contraction. The 
bituminous filler is covered with sand or chips or with a cement grout, 
to obviate any tendency of the pavement tracking. 

i fr.na Record, TI, 154, 1916 l l 8 Pat 71,746 of Dor 3, 1867 to Alexander Hanmr 
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General Considerations. A wood-block pavement wheh properly constructed is 
extremely durable even under heavy traffic; it may readily be repaired and is less 
noisy than any other bituminous pavement. The disadvantages are its shpperineas 
in damp or snowy weather, and the fact thut under certain conditions it is apt to 
“ bleed." The latter manifests itself by the soft bituminous matter exuding in 
summer, and being readily tracked about. 

Bleeding is caused by introducing too large a proportion of the creosote mixture 
into the blocks, and is likely to occur when more Ilian 16 lb. are used per cubic foot. 
It will also occur when the pavement is not provided with expansion joints, in 
which event the compression brought about by expansion, will squeeze some of the 
creosote from the [lores of the blocks. 

Bituminous Fillers for Wood, Brick and Stone Pavements. A " bitu¬ 
minous filler ” is the name applied to a bituminous substance introduced 
into the joints of wood-block or brick or stone pavements by melting 
and pouring. It must adhere to the bricks or blocks in cold weather 
without loosening or chipping under the impact of traffic, or when 
subjected to strains brought alxiut by contraction or settling of the 
pavpinent. The filler must accordingly possess great adhesive strength 
and ductility, and must also be sufficiently resistant to high tem¬ 
peratures not to exude from the surface, or run out of the joints. 

Characteristics of liitinninoiix Materials Used. The same classes of bituminous 
materials have been used for fillers as the bituminous cements of bituminous con¬ 
crete pavements (p. 665), and they should comply with the following characteristics: 



Asphaltic 1'illcrs 

Pitch Fillers 

(Test 9b) Penetration at lift 0 F 

<150 


Penetration at 77° F 

25 00 


Penetration at 32° F 

>20 


(Teat 10a) Ductility at 115° F 

>50 

>50 

Ductility at 77° F 

>1U 

>10 

Ductility at 32° F 

>i 

>i 

(Teat 11) Tensile strength at 113° F 

>0 25 

>0 25 

Tenaile strength at 77° F 

>2 5 

>2 5 

Tensile strength at 32° F 

>7 5 

>7 5 

(Test 15a) Fusing-point (K and S. method) 

140-100® F 


(Teat 15b) Fusing-point (It and It. net hod) 

100-180® F. 


(Test 15c) Fusing-point (Cube method) 


130-140° F. 

(Test ltk») Volatile at 325° F. in 5 hr# 

<2% 

<5% 

Volatile at 500® F. in 4 hra 

<5% 

<8% 

(Teat 17a) Flash-point. 

>350® F. 

>350® F. 

(Test 20) Distillate under 000° F .... 


<8% 

(Test 21a) Soluble in carbon disulphide 

>98% 

60 80% 

(Test 21b) Non-mineral matter insoluble 


20 40% 

(Test 21c) Mineral matter. 

<1% 

<1% 

(Test 22) Carbenes. 

<2% 

<5% 

(Test 23) Soluble in 88 J naphtha.. 

65-75% 



N.B. Pitch fillers in view of their low fusing-point should only be used where the 
joints between the bricks or blocks are to be filled with line gravel, which will serve 
to bold the pitch in place. 
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Fitting the Joints. With l rick and stone block pavements, the 
courses should be laid with joints j to } in. wide. When a pitch filler 
is to be used, the joints are half filled with J to l in. hot (travel (con¬ 
taining not over 25 per cent of the j-in. size). Before the gravel cools, 
the joints should be filled half way to the top with filler, then to within 
$ in. of the surface with hot gravel, and lastly poured full wi,th filler. 
In performing the work, the pitch should lie heated from 250 to 325° I\, 
but never exceeding the latter. When asphaltic filler is used, sand or 
gravel are unnecessary. The filler is heated from 300 to 150° F. and 
poured into the joints until completely filled. A top dressing or sand 
should be spread over the filler while hot to form a wearing surface. 

The joints of wixxl-block pavement# are formed as closely as possible, anil the 
melted filler poured over the entire pavement and worked into the joints until flush 
by wruping with a wixxlen or rublier squeegw, or a broom, whoix*u|xm the entire 
IMivement is sprinkled with fine sand or gravel. 

Bituminous Expansion Joints. These are composed of bituminous 
strips > to Ij in. thick, marie up with or without a felted or woven 
fabric or metal reinforcement. They are used in connection with con¬ 
crete or block pavements and installed between the pavement and curbs, 
also transversely across the pavement to take up the expansive and 
contractive stresses and strains. When expansion joints are not used, 
a concrete pavement will crack in cold weather liecause of the inelasticity 
of the concrete, and have a tendency to buckle or bulge in hot weather. 

Modern practice calls for longitudinal expansion joints along the 
curbs, and transverse joints spaced at intervals of -It) to 75 feet. The 
width of the expansion joint should equal the thickness of the pavement (3 
to 8 in.) 

Four types of bituminous expansion joints me in use, viz.: 

(1) Premouldeil Strip* of high Fusing-paint lUtunmum Composition*. These 1 con¬ 
sist of blown asphalt of a high fusing-point (50 parts) mixed with sand (50 parts) 
and shoddy-dust (25 parts); or of a bituminous mixture* cast in moulds U ft. long, 
whose thickness rorresixmds to the size of the joints (j to 1] in.) and width to the 
thickness of the pavement (3 to fi in ). The approved mixture consists of grnhnmito 
21 per cent, residual oil derived from non-asphallic petroleum 411 per lent, and soft 
native asphalt 30 per cent. The presence of the soft native asphalt enables residual 
oil derived from non-asphaltic petroleum to flux with the grahamite. The fusing- 
point of the combination should be in excess of l!fl° F. (Ball and Ring method). 
The mixture is claimed to possess the required elasticity, cohesiveness and resistance 
to temperature changes. In winter, however, the strips must lie transported very 
carefully for they would break into small piece- if allowed to drop, 

10. 8. Pst. 1,134,839 ol Apr 8. I91.i In Jsims Psnstll. 

•O. 8. Psl, 1,207,5Z4 ol Dec. 5, 19111, to C. N. Forrest. 
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Longitudinal strips should ho j in. thick for streets less than 20 ft. wide, j in. 
for streets 20-30 ft.., 1 in. for streets 30-40 ft. and li in. for streets over 40 ft. 
wide, placed parallel with, and at each curb line. Transverse joints } to j in. 
thick should be spaced not less than 40 ft., and extend the full width of the brick, 
wood, stone block or concrete pavement. 

A proprietary product composed of gilsonit* fluxed with blown petroleum asphalt 
teMts as follows: 


(Tost 1)6) Penetration at 115° F. 

Penetration at 77° F. 

IV etration at 32° F 

(Tent l lit/) Fnsing-point (H and K. method) 
(Teat 21a) Soluble ui carbon disulphide 


50 60 
35 40 
20 30 

240-255° F. 
09 5% 


The Commission of Highways of the State of New York, in s|>ccifieations issued 
April 1, 1910, stipulate that the expansion joint should project at least J in. above 
the finished surface of the pavement at all transverse joints They also specify 
the premoulded joint to test as follows: 


(Teat 7) Hperific gravity at 77° F.. . 

(Test 06) Penetration at 115° F. 

(Teat 06) Penetration at 77° F... . 

(Teat 06) Penetration at 32° F . . 

(Teat 156) Fuainic-poUit (H. and It method) 
(Teat 111) Volatile matter 5 lira at 325° F 
(Test 21 m) Soluble in carbon disulphide . 
(Teat 24) Soluble in carbon tetrachloride 
(Teat 24) Soluhlo in 70° naphtha 


0 OK I 05 
Leas than 45 

15 35 

(ireater than 12 
220-250° F. 

I caa than V '< 
(Ireater than OS 5% 
Creator than 00 8% 
50 75% 


A modification consists in comingling felted fibres with the bituminous matter in 
the presence of water, by foreing them through a |>crforated plate, and after evajM)- 
rating the water, moulding the mixture to form the joint. 1 

(2) Joints Composed of a Thick Unjer of Ihtumvums Material Reinforced on Either 
Surface uilh Sheets of Plain or Biluminized Fabric. This joint, is composed of two 
layers of untreated felted fabric,* or woven fabric impregnated with asphalt s (page 
408) and carrying a relatively thick layer of bituminous composition Indween, 
similar to the foregoing. The function of the fabric is to strengthen the joint, and 
enable it to be transported in cold weather without danger of fracturing, thus over¬ 
coming the objection against the foregoing tyjK*. The bituminous layer in the centre 
should have a high fusing-|K)int (above 185° l'\, K. anil S. method) and preferably a 
low susceptibility factor. It may lie composed of asphaltic constituents, sometimes 
mixed with 25 to 50 jwr cent of finely divided mineral matter (calcium carbonate, 
shale, clay, silica, fuller’s earth or slate), or from 15 to 30 per cent by weight of 
ground wood (" wood flour ”) or fibrous matter. The function of the filler is to 
increase tho toughness and resistance of the mixture to temperature change's (see 
page 340), and in certain cases to reduce the cost. 

The joint, is manufactured in a continuous sheet on a form of roofing machine 
(p. 405), in which the two layers of bituminous felt previously impregnated with 
saturant (p. 395) arc fastened together by introducing the melted or plastic bitumi¬ 
nous composition in between, carefully adjusting the thickness of the assembled sheet 

»U. 8. Pata. 1,150.122 of Oct. 12, 1915, 1,166,166 of Dec. 28, 1915 and 1,240,524 of Sept. 18, 
1917, to J. C. Woodley; 1,177,267 of Mar. 28, 1916 to R. P. Perry. 

*U. 8. Pat. 1,(M0,093 of Oct. 1. 1912 to James Adkins, Jr. 

»V. S. Pit. 1,248,900 of Deo. 4, 1017, to H. !» Pullar. 
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to corresfxmd with (hut of the joint desired. The width of the sheet should similarly 
correspond to the length of the completed joint (usually 0 ft.). When (he assembled 
sheet has cook'd, it is cut transversely with mechanically actuated knives, into 
strijw 3 to 6 in. wide, deluding upon the thickness of the iwvcment for which 
they are intended. In cross-section a (laving joint of this type corresponds with 
“Type E,” Fig. UK) (p. 5tH), with the intermediate layer of sulvdantial thickness 
and coatings omitted. 

(3) Ondor More I Ayers of Bitunnmzed Fabric, the hitter VemmUd uith a Bituminous 
Adhenm. One form of paving strip is comjxwed of a single layer of tarred felt 
(p. 395); 1 another consists of a strip of a woven fabric saturated and coated with 
asphalt, having jwirtteles of cork or sawdust enilx'dded on tlie surfaces *; and still 
another is composed of three or more layers’ of asphalt-saturated felt (p. 395) 
cemented together with comparatively thin layers of an asphaltic adhesive. The 
strip when assembled varies from 1 to J in. thick, and the raw felt sheets range from 
No. 50 to No. 75 on the felt marker’s scale (p. 3X9). 

In manufacturing this form jvmng joint, one or more webs of felted fabric are 
first impregnated individual!) with melted asphalt, usually quite soft, in consist¬ 
ency (fusmg-piont 1Kb 110° F. K and S. method), and an* then joined by com¬ 
paratively thin layers of a harder asphaltic mixture (fusing-ix»int. 140 1X0° l\, K. and 
S. method) The outer surfaces are not coated. The width of the web rorresjionds 
to the length of the paving joints (usually ti ft.). After the welw are sealed together 
and allowed to cool, they ure cut into strips corres|M»nding to the thickness of the 
pavement. 

(1) Armored Bttuminized Fabric. Another type of paving joint adapted solely 
for concrete mails, known as an “armored joint,” consists of a layer of bituminiml 
fabric reinforced on cither side by a tlun metal plate. The joint may either be 
flat or corrugated, 4 and Oie up|x*r part constructed with flanges or projection.! to 
protect the edges of the adjacent concrete sections. 

Another modification is composed of a strip of high fusing-point bituminous 
coui|x>sition (similar to tyjie 1) reinforced in the centre with a metallic core of wire- 
mesh 4 Still another consists of a strip of high fusing-|xiint bituminous eomjx)si- 
tion protected on the surface with a trough-slia|x*d shell of wire mesh to which in 
turn paper or cloth is cemented fast.* 

• I' S Pat 105.599 of Jill 10, JS70 to J J S. hillmjfpr 

*r S Pat M5.17»> of tot, I7.*IMI9 to 1 K Muir 

>1 S Pat 1 220.7MI of Mar 27, 1917 to W. .1 M< tiler 

‘1 S Pat 1,241,105 of St|» 25, 1917, to Willm K l.wh, 

* t‘ S Put 1.07H.9KJ of Nov, IS, 1913 to Jnrnm Han writ , 

•U b Pat I.OK5 275 of Jan 27, 1914 to W. P Lonsdale. 
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BITUMINIZED FABRICS FOR ROOFING, FLOORING, WATER¬ 
PROOFING, SHEATHING AND INSULATING PURPOSES 

SHEET ROOFINGS 

These are composed of a single layer or a plurality of layers assembled 
together, each composed of a woven or felted fabric, saturated, coated 
or both saturated ami coated with bituminous compositions, and in 
special cases reinforced with metal. The finished structure may be sup¬ 
plied in flat sheets or wound up in rolls of suitable length and width. 
These fubrics and bituminous mixtures may Ire assembled in innumerable 
combinations. 1 

Felted Fabrics. These are generally formed of rag or aslrestos fibres, 
with or without additions, on a machine similar to that used for manu¬ 
facturing paper. If rags are employed, they are first run through a 
series of revolving knives known as “ cutters,” which shred them into 
small fragments, and then into the “ beaters,” where they are ground into 
a pulp with water. A lreater separates the strands forming the cloth 
into the individual fibres without materially shortening them. A charge 
is beaten onc-haif to three hours until all the lumps have been broken 
up, whereupon the “ pulp ” is passed through a " screen ” to remove 
any foreign particles, and then run on the felt machine (Fig. lit)), 
where it is formed into a sheet of predetermined thickness. Cylinders 
1 and 2, covered with fine wire doth, are partly immersed in the tanks 
T-T containing the beaten rag fibres suspended in water. As the 
cylinders revolve, the wire doth acts as a strainer and picks up a layer 
of fibres, letting the water run to waste. The machine is equipped with 
three endiess webs of cloth, 3, 5 and 10. Cloth 5 is first pressed in 
contact with cylinder 1 by the couch roll 11, causing the fibres to adhere 
to the cloth. Cylinder 2 similarly adds a layer of fibres under pressure 

1 Rrfrrrnctt, " Heady Roofing Mista and Mysteries," by The Northwestern Lumbermen's Asso¬ 
ciation, Minneapolis, Minn., 1911; “ Hoofing Materials Committee Report," BuU Am. tty Eng. 

U, 839, 1913; "What is your Market-an Analjeia of the Roofing Situation," by C 
D. Mercer, Curtis Publishing Co., Sept., 1916; "Die Fabrikation der Daohpsppe und der Anstrieh- 
masae far Psppdicher," Dr. E. Luhmann, 2d Edition, Vienna, 1002; " Wie vine Moderne Teer- 
dcetillation mit Dachpappanfabrik eingeriehtet aein muss,” by Willy Petereon-Kinberg, Vienna, 1901 
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of the couch roll 12. The suction box shown 
alongside rollers II and 12 draws the surplus 
water from the newly formed sheet of felt, 
which then passes between cloths 3 and .5, 
where it is subjected to gradually increased 
pressure by the rolls 13 and 14. At roll 14, 
the upper cloth 3 returns, while cloth 5 carries 
the sheet of felt to 15, where the felt now 
just strong enough to hold together, leaves 
cloth 5 and passes between pressure rolls 
against the third cloth 1(1. The felt is now 
carried over a series of steam rolls S, of which 
modern felt machines are equipped with 55 
to 05. These expel the remaining moisture, 
whereupon the sheet is given a smooth surface 
by the calender rolls !), and wound into rolls 
at 10, while at 10' the wide sheet is slit 
into narrower sheets either 32 or 30 in. 
wide, and automatically rewound into rolls 
by the winders shown at the extreme 
right. 

The t ell Manufacturers' Association of the t "lilted 
States recognizes si\ classes of ran materials for 
making roofing felt, viz . 

Xn I, Hoofing Hags These constitute soft rugs 
carrying a |>crcetltnge of wool, anil include satinet 
garments, men's coats, pants, vests, mixed linsies, 
scams, women's emits, sacks and cloth skirts. 

Xu 2, Hoofing Hags. These consist of cotton 
mgs, and include large and small eot ton rags, 
linings (without scans), silk rag-, rag cur|g'la, print 
rags and stockings. 

Xo. 3, (iunny Hogging 'I hese include hags and 
sacks free from ferlihzcr, iliareoal, coal, ivmctil, 
chemicals, lime and plaster 

Xn. 4. Carjids. These include Brussels and hard- 
hack carpets. 

Xo. 5, Hoofing Hags. This elnss includes: (a) tailor 
rags free from all rubbish and paper; (h) tailor 
nigs containing not over 10 per cent (iitper; (c) 
tailor rags containing over 10 per cent hut not 
exceeding 50 per cent of pa|ier. 

No. 0, City Dump Hags. Including rags of all 
aorta, and of variable composition. 
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Miscellaneous Materials. Including canvas, window shades, strings and buckram.' 

The following fibres arc present in the foregoing classes of materials: 

True rag fibres, including: (1) cotton and linen fibres; (2) wool and silk fibres; 
(3) jute and manila fibres. 

Paper fibers, including: (1) mechanical (i.e., ground) wood pulp; (2) chemical 
wood pulp (sulphite and sulphate). 

No. 1 rags, contain cotton (and linen) also a percentage of wool (and silk) fibres. 

No. 2 mgs, contain mostly cotton fibres. 

No. 3 rags, contain cotton, also a percentage of jute and manila fibres. 

No. 4 rags, contain mostly jute and manila fibres. 

No. 5 mgs, contain cotton and wool with or without paper fibres. 

No, II mgs, contain a mixture of all the fibres present in the previous classes. 

The various classes of rags are mixed in suitable proportions in the manufacture 
of roofing felt. Classes I and 2 tend to “ soften ” the felt, and o|ien up its pores 
thereby enabling it to absorb a larger percentage of bituminous saturation. Classes 
3, 4 and 5 tend to “ harden ' the felt and make it leas pliable, less absorlient and 
denser. Class 8 ads variably, dejiending ti|sm the composition of the rags used. 
It is customary to mix Classes 1 and 2 with Classes 3, 4, 5 and 8 in proportions 
ranging fropi 5 : 1 to 1 : 2, depending upon the nature of the rags available, and 
the quality of the felt to la: manufaetured. 

A high gnulr. roofing felt made up approximately of 73-80 |x'r cent “ soft " 
rags and 20-25 per cent “ hard ” rags, will show the following eom|Hisition on exam¬ 
ining the finished sheet microscopically (see p. 508): 


Cotton fibre#. ,50 70 

Wool fibre# 10 20 ' J. 

Jute ami manila fibre# j 5 »j 

Wood fibre# (paper). l o'J, 


Roofing felt is often spoken of as “wool felt,” but. this term is somewhat of 
a misnomer, since no roofing felt is composed entirely of wool fibres. It. is impracti¬ 
cal to manufacture rwfing felt from wool fibres alone, as they are so soft, and fluffy 
that they will not form a satisfactory sheet on a felt machine. It is necessary to 
have other fibres present, to produce a strong, compact sheet, not to break on the 
calender rolls or dryers, and to absorb the pro|>er (lercentage of bituminous satura¬ 
tion afterwards. 

The durability of the various film's is in exact pr«|K>rtion to thoir prices. Their 
comparative costs, taking wool as 100, are approximately as follows: 


Wool ... loo 

Cotton. oo 

Jute ami manila..... 44 

Paper (including mechanical and chemical wood fibre#) .... 20 


Wool fibres are most durable and least affected upon contact with moisture or 
the sun’s rays. Nature provides wool for covering animals to protect them against 
exposure to the elements. Cotton fibres come next in durability. It is significant 
that cotton has always been used for making sail-cloths and covering lurches or 

1 The a##oci»tion name* the following material# a# being unsuited for manufacturing roofing 
felt, via.: #hoe rutting#, felt boot#, cornet#, #u#pender#. oil cloth, matting, leather, rubber, rope, 
mackintoeh clipping#, pa#ted itock, wood, etone*, metal# of »U kind#, tin can#, glase, bottle#, 
who#, bonee, esceleior, eto, 
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decks of steamers exposed to the weather. Most of us have observed how much 
more rapidly jute and manila fibres, aa for example in the form of burlap lugging, 
will decay, than cotton or wool, taper fibres require little comment. Everyone 
knows that a newspaper soon falls to pieces when left out-of-doors in the sun and 
rain, chemical wood fibres (sulphite and sulphate) being somewhat more weather- 
resistant than mechanically ground wood-pulp. Clay is simply lim'd as an adulterant, 
to add weight to the raw felt, without contributing in the least to its longevity. 

The particular kind of fibre present does not influence the strength of the felt, 
which is controlled largely by the following factors: 

(1| The length of the fibres in the felt, Iliis is predetermined by: 

(a) The length of the fibres, as they existed in the rags. 

(/>) The extent to which they have lxx*n broken up and shortened m the 
Ijoatcm. 

(2) The extent to which the rag or pa|x*r stock have undergone eremneausis. 
Old rags or pa|iers winch have lieen allowed to rot liefore Wing converted into fell 
will produce a weaker sheet than when new rags or pn|x»r are employed. 

(2) The skill displayed in " running " the sheet on the felt machine 
Many substitute fibres have Ih*cii suggested for manufaeturing roofing felt, 
including the following, viz.’ leather fibres, 1 cane fibres, 5 straw film's,* asWstos 
fibres m combination with rag fibres,* cocoa-nut film's,* sea grass,* ground wood 
fibres, 7 red-wood, oak and tan barks,* moss, |x*at, etc. 

Waste pajs-r is um*d most extensively as a substitute for rag stock. It does not 
appreciably affect the strength of the felt, but it tends to increase its density, 
reduce the |x*rccntage of bituminous saturation absorWd, make it harder and less 
pliable, and also less weather-resistant. The author has examined samples of r<x>f- 
mg felt containing as much as bo jx>r cent of pa|x*r m admixture with rag ste.-k 
Straw also decreases the weather resistance of the felt, making it hard and brittle 
and bark reduees its tensile strength. Sea grass d<x*s not decrease its strength, 
porosity or brittleness 

Mineral substances, such as clay and slag (mineral) “wool” arc often used for 
adulterating felt These may lx? deteeted by the ash on ignition. If projierly 
made, felt should not yield more than S jx*r cent mineral ash. The moisture con¬ 
tent of the felt as furnished by the manufacturer should not exceed 10 jx i r cent by 
weight 9 

Hag felt is marketed on the basis of its weight in pounds per 4X0 sq.ft., known 
as the “ numWr,” ranging from 20 to as high as 00. The “ numWr ” of the felt 
multiplied by 0 225 will give its weight in ixiunds |>er 10S sq.ft., and when multi¬ 
plied by 0 208 will give its weight per Hit) sq.ft. High grade rag felt, will test 

M' S Puts 40.592 of Nov 17, 1H03 to 8. M Allen: 1,211,837 of Jan 9, 1917 to C N. tor- 

rest 

H Pat 88,510 of Mar 30. 1809 to It. W ltuaeoll 
i V S. Pat 854.740 of May 28, 1907 to A. (J. Jlennion 
<l\ S Pat 81.041, of Sep 1, 1808 to It W John* 

M* S Pat 1,237,000 of An*. 14. 1917 to Herman von t'ffel. 

« r. S Pat 1,220.738 of Ma> 22, 1917 to Herl>crt Abraham. 

» f. H p*t. 119,001 of (let. 3. 1871 amt 121,100, Nov. 21, 1871 both to J. K. Oriffin; 1,188,405 

of Jun 27, 1916 to E. J. Sehroder. 

'" The t’ae of Bark for Paper Specialties," by Otto Kreaa, J. Ind. Eng. Chtm , S, 883, 1910. 

• Determined by distilling a weighed quantity of felt with kerosene, and measuring the volume 
of water passing over with the distillate. 
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approximately 1 mil in thickness, and not less than 0.5 lb. on the Mullen strength 
tester (p, 509), per unit " number.” These relations hold approximately constant 
for all weightH. 

The following standards have l>een established by the Berlin Imperial Testing 
laboratory. 1 

(1) Hags, fibrous textile waste, and waste paper may be used, but the direct 
addition of wood pulp, straw pulp, i>eat, sawdust and mineral loading material is 
forbidden. 

(2) The felt must not yield more than 12 per cent of ash. 

(3) The moisture content of the air dry felt should not exceed 12 per cent. 

(4) Felt wlrn immersed in anthracene oil should not absorb less than 120 per 
cent by weight. 

(5) Felt of normal thickness (at least 400 grams per square meter) should have a 
breaking weight 2 (for a strip 15 mm. wide) m the longitudinal direction of at least 
it kilos. 

So-called “ asbestos felt ” is sometimes made from asl>estos fibres alone, and 
sometimes from a mixture of asbestos and rag fibres. It is marketed on the basis 
of its weight in pounds |»er 1(X) sq.ft., and may be manufactured cither jxirous in 
structure, suitable for saturating purposes, or of a dense structure, for attaching to 
the surface of prepared roofings. Samples of asliestos felt for saturating purposes 
examined by the author tested as follows: 


0 I 1 ) asbestos felt 
8 lit Asbestos felt 
10 lb asbestos felt 
12 lb asbeatoa felt 
14 lb. asbeatua felt 
HI lb usheato* lelt 
40 lb. uahestna felt 


13 mils thick 
17 mil* thick 
19 mils thick 
23 nub thick 
211 mils thick 
30 nub thick 
70 mils thick 


Woven Fabrics. The woven fabrics ordinarily used for manufactur¬ 
ing prepared roofings include burlap or hessian (composed of jute fibres) 
and duck (composed of cotton fibres). These arc marketed in various 
weights, expressed in arbitrary ways. 1 * Woven fabrics do not take up 
nearly so large a percentage of bituminous saturation as felted fabrics, 
nor is it possible to impregnate them as uniformly, due to unavoidable 
variations in texture in different portions of the sheet. 

Bituminous Saturating Compositions. Bituminous materials suitable 
for impregnating felted or woven fabrics are usually soft in consistency 
at room temperature, ranging from semi-liquids to semi-solids. 

■J. Marcuasmi, \t%tl. k. 34, 40, 1010. 

’The " breaking weight" repreaenta the weight required to break a atrip of given width- 

’Burlap* are designated by the weight in ounces per lineal yard 40 in. wide, and "numbers" 
7J, 8 and 10 are generally employed in manufacturing roofings. " Regular ” ducks sre designated 
by ths weight in ounces per lineal yurd 29 in. wide, and "numbers" 6 to 15 are generally used for 
the foregoing purposes. " Knamelling " ducks are designated by the weight in ounces per Hne&l 
yard of the width in which they happen to be supplied (usually 46. 60 or 72 in ), and "numbers" 
4 to 16 are ordinarily vised. " Numbered " ducks are designated in numbers arbitrarily—number 
1 corresponding to a weight of 18 os. per yard 22 in. wide, and each number greater than 1, to a 
decrease of 1 os.; numbers 8 (11 os. per 36 by 22 in.) to 12 (7 os. per 36 by 22 in.) being 
federally used in manufacturing roofings. 
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The following classes of bituminous substances have been used for 
this purpose: 

Croup 1. I'ure native asphalts, residual asphalts, blowu petroleum asphalt, 
sludge asphalt, wurtzihte asphalt, wood-tar pitch, rosin, rosin pitch, bone-tar pitch 
and fatty-acid pitch, used either singly or in various combinations when of the 
required consistency; or else if too hard (and the same applies also to asphultitea) 
fluxed to grade with one or more of the following, viz.: soft native asphalts, wax 
tailings, residual oil, soft residual asphalts, soft blown petroleum asphalt, soft 
sludge asphalt, soft fatty-acid pitch, animal and vegetable oils or fats, and wool 
grease. 

Croup 2. Oil-gas-tar pitch, water-gas-tar pitch, gas-wc iks-eonl-tar pitch, coke- 
oven-coal-tar pitch, wood-tar pitch, rosin, rosin pitch, loi.e-tar pitch, and fatty- 
acid pitch, used either singly c: in various con.bumtions when of the required 
consistency; or else if too hard, fluxed to grade with one or more of the following, 
viz : the corresjxmding liquid tar previously evaporated to expel the highly volatile 
oils; distillates of high Ixiihng-points derived from the respective tars; wax tuilmgs; 
soft fatty-acid pitch; animat and vegetable oils or fats; and wool grease. 

The tar and pitch compositions (droup No 2) arc used: (a) for manufacturing 
multiple-layered prepared roofings, and (b) for preparing single-layered tarred felt, 
used for constructing “built-up" roofings (p. 410) and waterproofing membranes 
(p. 4*28) The Group No 2 compositions (except fatty-acid pitch) arc not recom¬ 
mended for manufacturing single-layered prepared roofings due to the fact that they 
are msufliciently weather-resisting (hi the other hand, the Group No 1 cuiqxsi- 
uons on account of their greater woather-rcsistnme nay be used indiscriminately 
<or manufacturing single or multiple layered prepared roofings, also for asphalt- 
saturated felt used for constructing “built-up" roofs and waterproofing mem¬ 
branes 

The consistency of the tar and pitch compositions corrcH|x>ml with the figures 
given for soft coal-tar pitch (see p 251) Saturating mixtures prepared from asphaltic 
products should comply with the following characteristics 

(I) The viscosity at the saturating tcm|>ciutiirc should be as low as possible to 
accelerate the spird of absorption bv the fabric 

(2 1 The |x*netration at 77° F should be greater than 00 (Test OM, and consist¬ 
ency (Test On less than 15, otherwise the sat irated fabric will be brittle. 

(3i The susceptibility factor should lx* as low jus possible, ami preferably lesi 
than 30 

(4) The saturant should bo ductile. 

(5) Its fiismg-pomt by the B and R. method (Test 15 b) should range from 05 
to 1(50° F , and preferably between lit) and 150' F The eorres| Minding extreme rang.* 
by the K and S method (Test 15a) is from SO to 110" F 

(0) It should contain the smallest |x»ssible jxTeentage of volatile matter, and 
preferably less than 3 jx-r cent at 500' F in four hours (Test Ida). 

(7) It should have a flash-jK>int well above the tem|x*ralure at which it is raised 
during the process of fluxing or while saturating the fabric (at least 50° F.), and 
preferably above 475° F. (Test 17a) 

(8) It should contain the largest jxmsible percentage soluble tn carbon disulphide 
and preferably exceeding 07 per cent. 
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(9) It should contain a comparatively large percentage soluble in 88* naphtha 
and preferably exceeding 85 per cent. 

(10) It should be weatherproof (see p. 574). 

Substances formerly used for saturating purposes included rosin and dead oil, 
pine tar,' etc., but these are deficient in weather-resisting properties. 

At the present time the materials most commonly employed for saturation pur¬ 
poses include soft coal-tar pitch, residual oil, soft residual asphalt and soft blown 
petroleum asphalt, of which the respective merits from a weather-resisting point 
of view, have been considered in Chapter XXIII. 

Fire-resisting saturnnts have recently been suggested, composed of chlorinated 
bituminous bodies, including i.nphthalene, wax tailings, dead-oil, coal-tar, etc.' 
These arc used for saturating a single sheet of felted or woven fabric.' 

Bituminous Coating and Adhesive Compositions. These may be 
used for surfacing the saturated fabrics (single or multiple layered) and 
also for cementing together two or more layers of fabric (all of which 
may be bituminized, or some bituminizcd and some untreated) in man¬ 
ufacturing multiple layered sheets. The coating and adhesive composi¬ 
tions include the same groups of substances used for the saturant (p. 391), 
but prepared of a harder consistency and usually also of a higher fusing- 
point. The bituminous materials first used for these purposes included 
the fatty-acid pitches," native asphalts, sludge asphalts, 6 residual 
asphalts, etc. 

The prime requisite of the bituminous coating composition is that it should 
possess maximum weather-resisting properties, since the longevity of the prepared 
roofing depends largely upon the unalterability and integrity of the coating. The 
principles to be followed in making this mixture have already been discussed 
(see p. 888). 

Bituminous coating and cementing compounds should preferably comply with 
the following characteristics: 

(1) The appearance of the surface on aging (Test 3) should be bright, and especially 

where the bituminous coating is to be surfaced with talc or other white mineral 
dusting finish (p. 394). . . . 

(2) The hardness at 77“ F. should fall between 10 and 50 on the penetrometer 
(Test 95), and between 15 and 30 on the consistometer (Test 9c). 

(3) The susceptibility factor should lie as low as possible, and in the case of 
asphaltic compounds preferably less than 35. 

I V, S Pat 205,13:. cl .Film* IS, IS7S to W II Konkin 

HI. S Pat 30H.337 of Fob 111, IHS'J to W II Upton. 

*1! S Pat. on,223 of Mar 2, 19011 to .1 W Ajlamortli: 011,251 of Mar. 2, 1009, to Carloton Ellia 
and Karl P McKIroy, 1,102, 153 of Nov 30, 1015 to S K Church. 

«U 8. Pats. 914,222 of Mar 2, 1009 to J W Ayls»ortb. 914,300 of Mar. 2, 1909 to Karl P 
McElroy. 

• U. S. Pata 128,.599 of Jul. 2, 1872 to W H Davie*, 423,042 of Mar. 11, 1890 to A. N Ford; 
English Pat. of 1807, Sept 21, No 2,050 to G E Marchtsio, 1808, Apr. 23, No 1,336 to Joseph 
Rogers; 1872, Aug. 29, No 2,572 to W R Lake; 1874, Feb 4, No. 447 and No. 449 to John Macintosh; 
1876, Mar. 27, No. 1,309 to Caleb Tayler. 

» Eng. Pat. of 1888, Apr. 14, No. 5,577 to W. P. Thompson. 



BITUMIXIZED FABRICS 


393 


(4) The ductility should preferably be greater than 1 at 77° F. (Test 106). 

(5) The tensile strength should preferably Ik* prater than 05 at 77° F. 

(Test 11). 

(0) The fusing-point should l>e such that the <>oin|xwition will not be affected 
by the highest sun temperature to which it may be subjected. It should not be 
lower than 160° F, nor higher than 2fiU° F by the Ball and Ring method 

(Test 156), the upi>er limit applying to products having a low susceptibility 

factor, including blown petroleum asphalts, fluxed asphaltites, etc; and the 
lower limit to coatings surfaced with line sand or coarsely ground talc. The 

corresponding range by the lv. and 8. method (Test l. r xi) shall be between 115 und 
240° F. 

(7) The volatile matter should preferably lc less than 2 |>cr cent, at 500° F. 
in four hours (Test ltia). 

(8) The flash-jxiint should preferably be aliove 500° F. (Test 17«). 

(0) The solubility in carbon disulphide should preferably not In* less than OK 
per cent, although this is subject to modification where mineral ingredients are 
purposely added for the reasons which follow. 

(10) The larger the percentage of fatty substances (wqionifiable) present in the 
mixture, the better will lx* its weather-resisting properties, other things being equal. 

It is sometimes customary to mix mechanically a ccitam proportion of very 
finely powdered mineral matter with the surface coating while m a molten condi¬ 
tion, and before it is applied to the surface of the roofing, for one or more of the 
following reasons: 

(1) To increase the weather-resistance of the bituminous mixture. Opaque 
pigments have lieen used for this purpose, including graphite,' lumpbluck, 1 etc. 
These serve to exclude the actinic rays of the light, which contribute lurgely to 
the decoinjKjsit ion of bituminous substances (p 570) 

(2) To impart a color to the bitun inou* coating For this purpose, bright 
mineral pigments of various colors are mixed throughout a coating consisting of 
special bituminous comjxisitions having a brown streak ('lest (I) or as an alter¬ 
native showing a transparent to translucent brownish color when viewed on glass 
in a thin layer. 5 Bituminous compositions having a black streak, or otherwise 
api>earing opaque when viewed on glass m a thin layer, will not answer, for idthough 
they may initially show the color of the pigment, nevertheless this will disappear 
after a time turning a dull black, since black bituminous mixtures weather to in¬ 
tensely black substances, due doubtless to the lilierntion of free carbon by the 
actinic light rays. 

(3) To serve as an extender and reduce tin* cost of the finished product. Many 
substances have been used for this purjxise, including finely ground limestone, shale, 
fullers’ earth, clay, 4 infusorial earth, 6 silica, etc Another plan consists in.apply¬ 
ing part of the bituminous coating, then the mineral matter such as flake mica, 

»U S Pats 68(1,191 of Nov 5, 1901 (o W H I lac ho. 85:1,117 of May 7, 1007 to Clifford 
Richardson and C N. Forrest. Orman Pat Appl la,156 of Nov. 17, 1004 to liana Christen; 
Ger. Pat Appl A-0,371 of 1907 to K Kntzintzki 

*U 8. Pat. 727,507 of Maj 5, 1903 to F. J Warren 

3 U, S Pata. 775,635 and 775,636 of Nov. 22, 1904 to h. C. Rugen and Herbert Abraham; 
End. Pat of 1913, Jun. 18, No 14,063 to Georg Halle. 

*Kng Pat. of 1881, Jun 27. No. 2,815 to A M. Clark 

*U. 8. Pats. 416,791 of Dec. 10, 1889 to J. I. Livingston and William Griacom; 437,033 of Sap. 
23, 1890 to R. 8. Merrell. 
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and finally the balance of the bituminous coating, thus obtaining an intermediate 
layer of mineral matter. 1 

Where the roofing is to be constructed of more than one sheet of fabric, very 
fine mineral matter may lie mechanically mixed with the bituminous adhesive 
layers for reasons 1 and 3. 

Surfacings of Mineral Matter. Three types of mineral matter are 
distinguished for this purpose, viz.: very fine mineral dust, moderately 
coarse mineral granules and coarse mineral particles. 

The very fine mineral dust is sifted on the surface of the roofing 
usually while still hot, for the purpose of preventing the convolutions of 
the roll from sticking together after it is wound up, or otherwise packed 
for shipment. A certain proportion of it embeds itself in the surface 
coating, but most remains detached, so that it will either shake out of 
the roll, or wash off the roof when applied to the building. The very 
fine dusting finish is therefore applied from a utilitarian standpoint 
rather than for decorative effects. Finely ground talc, silica, mica, 
limestone, infusorial earth, etc., are used for this purpose. 

Moderately coarse mineral granules are purposely embedded in either 
the top or bottom coating, or both, for decorative effects. The mineral 
matter should be practically free from fines, and consist of uniformly 
sized granules, preferably angular. The following materials have been 
used, viz.: sand, coarsely ground talc, coarse flakes of mica, 2 also 
colored mineral particles including red or green crushed slate,'* crushed 
rock of various colors, 4 artificially colored sand, 5 colored grit," baked 
preformed earthy particles of various colors," crushed brick, tile, or 
marble, particles of sand or grit prepared with an oil paint baked on 
superficially, etc. 8 

Coarse mineral particles, either uncolored or colored, are similarly 
embedded in the surface coating for decorative effects, including small 
pebbles, gravel, crushed feldspar or granite, 9 crushed scashells, 10 granu¬ 
lated slag, 11 etc. 

Surfacings of Vegetable Matter. The materials in this group include 

Ml. S. P»t t.lS7,2.il> ol Jun 13. 1810 to B 0 Cciler 

• It. S. Pit. 101),»80 ol Mov 22. 1870 to Frederick Beck 

' U. 8. Pit, 310,182 ol jin. 0, 1SS3 to }. T. Helton. 1,007,146 ol Oct. 31. 1811 to E. J. Schroder 

•Gar. Pat. Appl 10,800 of Mar. 14, 1904 to A. W. Andtrnach. 

»U. S. Pat. 1,233,501 of July 17. 1917 to J C Pelton 

•U. 8. Pat 1,022,701 of Apr. 9, 1912 to S. G. Wright. 

* U. 8. Pat. 1,190,505 of July 11, 1910 to H. E Boardman, Eng. Pat. of 1912, Apr. 1, No. 
7,372 to A. J. Boult. 

*V. 8 Pat 1,248,179 of Nov 27, 1917 to K. J. Schroder. 

•U. 8. Pat. 130,37(1 of Aug. 13, 1872 to Howard Kirk and Jamea Winamor*. Jr. 

•»U. 8. Pata. 733.982 of Mar 8. 1904 to 8 R Holland, 1,235,270 of July 31, 1917 to J B. Wise 
» V. 8. Pat 453,979 of June 9, 1891 to O. 8 I.cc. 
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wood flour or sawdust, 1 granulated cork, 2 etc. These are embedded in 
the surface coating while it is hot. The wood Hour prevents the con¬ 
volutions of the rolls from sticking together, and at the same time 
promotes the adhesion between the fabrics and the hot cementing com¬ 
pound in constructing built-up roofs or waterproofing membranes, 
Cork is . used primarily for insulativc effects in cold storage work. 
Bituminized fabrics surfaced with cork cannot be used for roofing 
purposes on account of the combustible nature of the cork surfacing. 

Saturating the Fabric. I'elted or woven fabrics are impregnated 
with the bituminous saturating mixture by continuously running the 
web through a tank of the latter maintained at a high temperature. 

Attempts have been made in the past few years to saturate the 
felt fibres as they are originally formed into the sheet. 2 experi¬ 
ments have recently been made with an alternative method of inter¬ 
mingling the fibrous and bituminous constituents in the presence of 
water, by forcing them through a perforated steel plate, and then 
moulding the product in sheet form. 1 

At the present time the trade recognizes two types of saturated fabric, 
viz.: 

(1) Those saturated with tar products. 5 

(2) Fabrics saturated with asphaltic products, 11 including fatty acid 
pitch." 

A modern form of apparatus for producing tar-salurated fabrics is illustrated 
in Fig 121) The roll of iiiwiluraled fabric is mounted at the left of the illustration. 
The frame or “ gallons " in the centre loners the neb into a steam-heated tank 
carrying the hot tar (not shown) by the means of the crank illustrated m the fore¬ 
ground. After leaving the bath, the saturated sheet passes around two steam- 
heated rolls (shown at the right of the frame work), and (lienee around the winding 
mechanism shown at the extreme right of the illustration 

A machine for saturating fabrics with asphalt is shown in Fig. 121. The roll 
of unsaturated fabric is suppirted at the rear of the illustration, whence it. is 
lowered into the tank of the melted asphalt (not shown), bv the vertical frame 
0 |>eruted by the crank shown at the left. After leading the lank, the saturated sheet 
passes between two steam heated press-rolls one above the other, located in front 
of the frame, and then around five steam-healed rolls mounted in two tiers, three on 
top and two below. These drive the excess of asphalt into the sheet, causing the 

lit 8 Pat. 1.203,403 o. Oct. 3', 1013 to Mattnaa Pouleun 

> It 8 Pat. 074,219 of May 14, 1901 to J A Seliaraalli. 

* U 8 Pat 103,199 of May 17, 1870 to Samuel Multan, Ger. Pat. 219,753 of Sep 9, 1909 to 

Juliua Kathe 

* U. 8 Pat. 1.204.932 of Nov 14. 1919 to J C, Woodley and It P. Perry. 

*U S Pata. 103,539 of May 31, 1870 to T. R, Abbott. 111.911 of Fell. 7,1871 to J M. Cobb; 

119,059 of Sept 18, 1871 to H N. Stimaon; 230,148 of July 20, 1880 to G. S. Page, 825,744 
ot July JO. 1848 to A K Millington. 

* Hrittah Pat. of 1878, May 21, No. 2,295, to J S Norrie; C. 8. Pata. 820.094 of May If, 
1909, to I. A. Rond, 878,008 and 878,010 ot Jan. 7. 1908 to F. C. Overbury. 

'Ger. Pat. 122,893. May 8, 1899, to A. W. Amlernafli 
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saturated fabric to leave the machine jx*rfeotly “dry.” It is then wound in large 
rolls on the automatic winder shown in the foreground. 

The tanks in both the tar and asphalt saturators may lie heated either by steam 
or direct tire. The former is ordinarily used bemuse of the safety and ease of con¬ 
trol. Tar products are usually maintained at 200-270° F., and asphaltic products 
at 225-400° F. In the types of machines illustrated, the fabric may f>e saturated 
at a s|>eed of 330-350 lineal feet |H*r minute. The weight of saturation absorlied 
by the fabric is controlled by the depth to which the web is immersed in the tar 
or asphalt, which in turn is regulated by raising or lowering the frame. The 
surface of the web in contact with the saturant varies from 10 to 30 lineal feet. 

The following figures will give some idea of the jK'nrntages of saturating mate¬ 
rials taken up by the fabric, based on its raw weight: 

Felt, will alisorb 115-1S0 jx*r cent of soft coal-tar pitch, or 100-1(>5 per cent by 
weight of asphalt. 

Burlap will absorb 90-125 per cent of soft coal-tar pitch, or 75- UK) per cent by 
weight of asphalt. 

The larger the percentage of any given saturant absorlied by the felted or woven 
fabric, consistent with the formation of a “ dry ” surface, the more durably will 
the fibres lie water-proofed and weather-proofed. If the felt is undersaturated, the 
finished sheet will lx- jHirous and absoib moisture in seivice. On the other hand, 
if the sheet is oversaturated, a part of the saturant will remain on the surface 
and cause the convolutions of the roll to stick together. The lies! practice consists 
in running a sheet so that it will show “wet s|wls” as it leaves the bath of satu¬ 
rant, which, however, will liecome absorlied when it cools to atmospheric tenifiera- 
ture The absorption may Ik* assisted by preventing the surface cooling too quickly, 
so that the natural contraction of the saturant will have an opjiortunity of drawing 
in the “ wet ” s|Kits by capillarity. 

It is customary to market tar and asphalt saturated felts in rolls of the billow¬ 
ing dimensions and weights: 


Si/e of Roll 

Wui-'il (XI 100 S.- ft 

Wriffbl per lOSSq ft 

"Sinter* Fell" ( Tarred ): 

I’ullllils 

PohikIb 

30 ll> per 500 sq ft. 

li 0 

6 5 

3.1 lt> per 500 sq ft. ... 

ti 0 

7 1 

40 lb per 500 a<i ft. 

S 0 

8 65 

Tarred ft It 



50 lb. per 432 sq ft . .. 

n r. 

12 5 

60 lb per 500 sq ft . . . . 

12 0 

13 0 

40 lb per 324 sq.ft 

12 3 

13 3 

55 lb per 432 sq ft 

12 75 

13 75 

00 lb per 432 set ft . . 

14 0 

15 0 

481 lt> per 324 mi ft . 

15 n 

16 2 

fiO lb per 400 sq ft 

15 0 

16 2 

43 lb per 210 sq ft 

20 0 

21 4 

60 lb per 250 sq.ft . 

24 0 

25 9 

AtphaU felt. 



44 lb per 432 sq.ft . . 

10 2 

11.0 

60 lb. per 500 arj ft .... 

12 0 

13 0 

56 lb per 400 sq ft 

14 0 

15 0 

48J lb. per 324 sq ft 

15 0 

16 2 

43 lb. per 216 sq ft 

20 0 

21 4 
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Fabrics saturated with tar or asphaltic products arc used for the /Mowing 
purposes: 

(IJ As nu interiiinliute product in the manufacture of "prepared roofings” 
and composition slungies. 

(2) 111 the manufacture of hitumiiiiml floor coverings. 

(3) For constructing " built-uproofs. 

(4) For constructing waterproofing membranes. 

(5) For bituminous expansion joints 

“ Prepared roofings ” are distinguished from “ saturated fabrics ” by being com¬ 
posed of: (I) Single-layered fabrics entiled alone, or both saturated and coated with 
bituminous compositions; (2) laminated (multiple layered) Intuminatcd fabrics 
having at least, one of the layers saturated, the fabric living eillicr unsurfaced, or 
surfaced on one side, or else surfaced on both sides with bituminous compositions. 
In the next succeeding section, we will consider prepared roofings composed of a 
ninglc layer of fabric 

Single-layered Prepared Roofings. In the early days of the indus¬ 
try it was customary merely to surface a felted or woven fabric with 
bituminous substances.' The next step in the development of the indus¬ 
try consisted in liolh saturating and coating a single web of fabric with 
bituminous mixtures, and surfacing with talc, sand, powdered limestone 
or gravel.' 2 

Most of the prepared roofings manufactured to-day arc made up 
of a single layer of “ roofing felt" saturated with bituminous ingre¬ 
dients of relatively soft consistency, and surfaced on both sides with 

'U S Pats 3,598 of M»v 25, 1SH. to Fdouard Doutach, ties' rihing the tine of asphalt com- 
hined with fata or oils for coating paper or cloth. 17,Hoi of July 21, 1 s'»7 to J It Wauls, desert!)* 
ing ootton cloth coated with coal lar and fatty-acid pitch and surfaced with sand, 80,207 of July 
21, 1808 to Alfred l’araf, coating woven cloth with a mixture of grahamite and vegetable oil, 
151,083 of June 9, 1874 to l.lias Burnham, coating felt with eoul-tar pitch and sanding the surface. 
187,748 of Fell 27, 1877 to J (* Cheatham, coating cloth with a mixture of coal tar, lime and sul¬ 
phur and surtaring with (travel, 278,IM of Mnv 2d, IHM, to S M Allen, coatiiiK felt or paper 
with a mixture of asphalt and pulped fibres, Fug Pat of 1 885, Oct SI, N’o 13,110 to J F A 
Pierrot, coating felt or burlap with a mixture of sludge asphalt, native asphalt, rosin and earthy 
matter and surfacing with sand, ISSN, Mar 5, No 3,354 to Thomas Thomson, coating doth with 
a mixture of fatty-and pitch, vegetable ml, chalk, fibrous matter and a colored pigment. 1880, 
May 27, No 8,79f> to A \ Ford, coating woven fabrics with a mixture of fatty-acid pitch, lin¬ 
seed oil, soap and petroleum 

* V S Pats 03,8.10 of \ng. 17, 1800 to J M Cobb, felt saturated and coated with tar and sur¬ 
faced with sand or gravel, 170,828, 170,820, and 170,830 n f July 11, 1870 to C M Warren, nls> 
180,081 of July 18, 1870, and 101,208 of Mnv 22, 1877 to C M Warren, felt or paper saturated and 
coated with mixtures of native asphalt, residual asphalt and fattv-acid pitch. 282,139 of Jclv 31, 1883 
to Welcome White, felt saturated with tar and coated on one side with a mixture of coal tar, asbestos 
and soa|tttone, 300,940 of June 24, 1881 to Philip Carev, felt composed of wood pulp, asl cates 
and clay saturated and coated with asphalt, 345,399 of July 13, 1880 to C M Warren, felt satur¬ 
ated and coated with a mixture of native asphalt, sludge asphalt and fatty-acid pitch. 348,990 
of Sept 14, 1880 to T. J Pearce, ami W M peardslev, saturating and coating a felted or woven 
fabric with residual asphalt. 358,502 of Mar 1. 1887 tn(! W Swan, a woven fabric saturated and 
costed with residual asphalt and surfaced with hnretime. Fng Pat of 1879, June 27, No 2,590 
to W. B. ltitrhie, felt saturated and coated with a bituminois composition. 1897, Apr. I. N’o 
8,343, to J I). Blackwell, saturating and coating cloth with fatt.v-aoid pitch, Oer Pat 92,308 of 
Aug. 12, 1895 to A W Andernaih, felt saturated with coal tar, coated with a bituminous mixture 
containing sulphur, and surfaced with sand- 
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ft harder bituminous composition. They are marketed in roll form, 
either 30 in. or 32 in. wide, measuring 10S sc|.ft. in area, known com- 
mereially as a “ square," which is sufficient to cover 1(X) sq.ft, of roof 
surface, allowing for 2-in. laps at the joints. Prepared roofings are 
marketer! in several weights known to the trade as “ plies.” The term 
" ply,” however, is a misnomer, as it does not, as one would suppose, 
refer to the layers of fabric fanning the roofing, but is used to desig¬ 
nate the weight of the sheet consisting of a single layer. It is customary 
to manufacture a so-called “ 1-ply ” roofing to weigh 35 lb. gross per 
square, including the paper wrapper and heads, together with sufficient 
nails and liquid lap-cement for laying, packed in the core of the roll. 
The net weight of the roofing runs 2 to 4 lb. per square less than its 
gross weight. “ 2-ply ” roofing weighs 45 lb. gross per square, and 
” 3-ply " 55 lb. Heavier weights are also manufactured, especially in the 
case of roofings surfaced with moderately coarse to coarse mineral 
matter, which are often made to weigh 1(H) lb. per square or over. 
Tnfortunately, no standard practice is followed in manufacturing the 
heavier weights, each manufacturer l>eing guided by his own views. 

The surface may lie manufactured smooth, or it may have a 
" veined ” appearance as illustrated in Fig. 122. In either event, it is 
customary to sprinkle a “ dusting finish ” of finely powdered mineral 
matter on the surfaces (p. 394) to prevent the convolutions of the roll 
sticking together during transit or in storage. It is desirable to apply 
the dusting finish while both coatings are hot, so that as much as pos¬ 
sible will cml>cd itself in the surfaces and will neither blow away nor 
be washed off the roofing by the first rainstorm, after being laid on a 
building. Not more than 3 II). per square is necessary for this purpose. 1 
In other eases, cither one or both surface coatings may be adorned with 
moderately coarse particles of mineral matter (p. 4(H)), including 
coarsely ground talc, of which 8 to 15 lb. are applied per square to 
both sides of the sheet (Fig. 123); small rounded grains of sand, of 
which 10 to 20 lb. per square are used, including both sides of the 
roofing (Fig. 124); and angular particles of crushed slate 2 or greenstone, 

'Granularmetrio onabnoa of (he tnlr, need M "dueling finieh " will allow from . r , to 2.', per 
cent of parts let pawing an 80-, hot retained on a 100-meah eieve, the former applying to finely 
(round talra anil the latter to roaricly bolted produrta. 

■ Cruahed elate ueed by the leading manufacture™ in tbit country teat- aa follower 

Pawing 60 hut retained on RO-meah eieve . 0 1 % 

Pawing 40 but retained on 60-meeli mere. 1-10% 

Pawing 20 but retained on tn-meah eieve. 20-65% 

Panning 10 but retained on 20-meeli eieve . . . 35-70% 

Pawing 8 but retained on 10-nieeli eieve 0-1% 

Specification require that Iwe than 2 per cent ehatl paw a 40- nr an S-meeh aieve. lew than 38 
per cent ehall r»«a a and more than 50 per cent paw a lll-meab eieve. 
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Fig. 122. Prepared Roofing Finished in 
a Veined Surface. 


Rg. 123.—Prepared Roofing Finished 
with Coarse Talc. 



126.—Prepared Roofing Finished 
with Crushed Feldspar. 


Fra. 127.—Prepared Roofing Finished 

with Pebbles, 







BITUMIXIZED FABRICS 


401 


of a reddish or greenish color respectively (Fig. 125), of which 25 to 35 
lb. jK*r square are aflixed to one side of the sheet. It is customary to 
emlx'd the coarsely ground talc in lx>th coatings, the rounded grains 
of sand in either one or l>oth coatings, and the angular particles of 
slate or greenstone is one coating only. The last, known as “ slate¬ 
surfaced rooting,” is usually manufactured from a No. 50 to .No. 55 
dry felt, so that the finished weight including nails and cement will 
range between 80 and 85 lb. per square. 


One-ply roofing is variously manufactured from No 30 fo No. 45 dry felt, 
two-ply from No. 40 to No. 00 and three-ply from No. 50 to No. 75. Where the 
light weight dry felt is used in manufacturing any particular ply, a eorresjxmdmg 
larger pro|»ortion of coating must Ik* applied to bring the weight of the finished 
roofing to 35, 15 or 55 II» gross, whichever the case may Ik* The weight of div 
felt Used will amoyc No 35, No 50 and No (15 for the one-, two- and three-ply 
reflect i\civ 

In other cases coarse particles of mineral matter an* embedded in the uppi r 
sin face only, including crushed feldspar, of which 30 It) lb an* used jht square 
(Fig l'Jti), or even fanly huge lobbies, of which 10 (15 lb are Used |mt square (Fig 
127) 

The weights of bituminous coating (unfilled or filled) applied jM*r square, exclu¬ 
sive* of the mineral surfacing, range as follows 


1- ply (35 lb) 

2- ply (15 lb) 

3- plv (55 lb ) 

Slate surfaced (SO lb ) 


0 to 15 lb (both sides) 
7 to 20 lb. (both sides) 
S to 25 lb. (both sides) 
15 to 25 lb. (one side) 


The thicknesses of the finished roofings vary between the following limits 


Surfaced with talc 
Surfaced with talc 
Surfaced with talc 
Surfaced with fine sand 
Surfaced with fine sand 
Surfaced with fine sand 
Surf iced with fine sand 
Surfaced with fine sand 
Surfaced with crushed slate 


1- plv (35 lb) 50 to 00 mils 

2- plv (15 lb) (15 to SO mils 

3- plv (55 lb ) SO to 100 mils 

1- plv (35 lb ) 45 to 50 mils 

2- plv (15 lb ) (W) to 05 mils 

3- plv (55 lb) 75 to SO mils 

X-plv (05 lb ) 90 to 100 mils 

XX-ply (75 lb ) 105 to 115 mils 
(SO lb ) 120 to 115 mils 


The coni|K)sition of typical single-layered prepared roofings is shown in 
Table XXXII 

(’ross-sections of the prinnpal forms of single-layered prepared ns ding are shown 
in .1, li, and C, Fig 199 

A single sheet of tiomt fabric such as duck, surfaced on one side with a bitu¬ 
minous mixture (lasted with jxnvdercd talc or mica, is largely used at the present 
time for covering steam Unit decks or jxirch roofs where subjected to foot traffic. 
The material is Laid with the bituminous side down, whereiifHm the unsurfaced duck 
is painted with several coats of a colored linseed-oil-pigment paint. A single sheet 
of woven fabric saturated with a soft bituminous eonijsihition, coated on both sides 
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with ii mixture of harder consisteney and surfaced with jwmdored talc or mica, is 
being used largely for roofing railroad passenger cars and locomotive cabs. Thu 
is manufactured from “numbered" ducks weighing 11.46 and 14.73 ounces |>cr square 
yard, the finished weights Iteing 2.15 and 2.30 lb. per square yard respectively. 

In manufacturing single-layered prepared roofings, the sheet of felted or woven 
fabric is first saturated by passing it through a bath of the melted bituminous 
saturation. The saturated sheet may then l>c coated immediately with a bituminous 
composition and while it is still hot, or else it may lie wound into large rolls 
allowed to cool and coated later. Both methods are used at present, the latter 
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Ix-ing known ns the intermittent and flu* former ns I In* coni muons process Fa eh 
is claimed to have its particular advantages The author is inclined to favor the 
continuous process, since the coating is applied directly to the hot sheet, which 
enables the saturating eomjiound on cooling and contracting to draw the hot and 
plastic surface coating into the sheet, forming a “ key ” Ixdwecn the coating and the 
fabric, and producing a denser sheet of roofing For this reason, roofings made by 
the continuous process do not measure us thick for a given weight, although to 
counterbalance this, they are less porous, and consequently are less apt to absorb 
moisture. 
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The intermittent type of roofing machine is constructed in two units, operating 
independently. The felt is first saturated and wound into large rolls on an asphalt 
saturator as illustrated in Fig. 121, and subsequently run through the coating 
machine shown in Fig. 128. The roll of saturated felt, 1, is passed through steam- 
heated coating rolls 2 and 3, which distribute the melted coating composition fed 
from an overhead storage tank (not shown). Mineral surfacings may be applied 
by the mechanically actuated hopper 4. The sheet is then drawn through the 
“ pull-rolls ” 5, after which it is cooled by an automatic looping device, which 
catches the sheet at 6 and carries it along towards the winder and cutter 8, allow¬ 
ing the loops to accumulate at 7. The cooling loops 7 will accommodate 26-60 
squares of roofing and thus enable the coating operation to continue uninterruptedly, 
even though the winder and cutter may temporarily cease o|)crating, as for example, 
when a finished roll of roofing is removed from the winder bar at 8. 

The simplest form of machine for manufacturing roofing continuously is illus¬ 
trated in Fig. 120. A roll of raw felt, is shown on the " unwinder" at the left of 
the figure. The sheet then pass *s through the saturator, zigzagging hack and forth 
several times to present a large area to the compound and increase the time of 
contact. From the saturator the web passes around the steam-heated "saturating 
rolls ” which " drive in ” the saturant and remove the excess, so that the surface 
of the sheet will appear " dry," when the top and bottom coatings are applied 
by the steam-heated coating rolls. The melted coating mixture is flowed on the 
upper side of the sheet where it is spread uniformly by the upper roll and the excess 
allowed to flow into a small tank underneath, where it is picked up by the lower 
coating roll and spread on the under side of the sheet. The mineral surfacing is 
applied when the sheet reaches the coolers by the contrivance shown in Fig. 130, 
the sheet first passing underneath hop|>cr A where particles of talc, sand or mode¬ 
rately fine granular matter are evenly distributed on the up|ier surface, and then 
around the water-cooled roll A which firmly presses the mineral matter into the 
hot and soft coating. Ilop|>er /i applies the particles to the underside of the sheet, 
and the water-cooled roll li, emlwds them into the bottom coating. The "coolers" 
consist of large hollow water-cooled drums. The " pull ” rolls supply the necessary 
tension and are provided with a measuring device, which enables the winder shown 
at the right of the figure to roll up and cut the finished roofing into small units 
of suitable lengths. The details of the winding mechanism are depicted in 
Fig. 131. 

Another machine for manufacturing roofing continuously, embodying some of the 
features of both machines previously descril>ed, is shown in Fig. 132. The sheet 
travels from right to left, first through a " saturator," consisting of a deep tank 
heated by steam or direct, fire, and then around a stationary air-cooled looping 
system. The surface coatings are next applied to both sides of the sheet, and while 
still hot, mineral particles are sifted on the upper surface from the so-called " slate 
feeder." The sheet then travels around eight water-cooled drums, of which the 
first two serve as press-rolls to firmly embed the particles in the coating. After 
this, the web is carried along by a movable looping device similar to that shown 
in Fig. 128, which serves to cool and store the finished sheet until it can lie handled 
by the draw-rolls, winder and cutter shown at the extreme right of the illustration. 
One method consists in saturating and coating a sheet of double width and then 
flitting it longitudinally into two sheets of the desired width. 1 

»U. S. Pat#. 870,008 and 878,010 of Jan. 7, 1008 to F. C. Overbury. 
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f io. 130.—Device for Applying Mineral Particles 


Courtety of Guyton 4 Cumler Mfg. Co 
to the Surface of Prepared Hoofing 



Fro. 131.—Winding Mechanism, 
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Very often prepared roofings surfaced with 
finely powdered mineral matter, such as tale 
or limestone, turn yellow on aging indoors. 
This discoloration is due to the use of: 

(1) Bituminous coating or saturating 
mixtures containing a large projmrtion of 
volatile matter. 

(2) Coating compositions which do not 
blend thoroughly. 

(3) Coatings containing a large propor¬ 
tion of “ greasy " or oily eonstituents which 
impart a dull surface to the S[x*cimcn on 
aging indoors one week (Test 3). 

This yellow discoloration not only detracts 
from the np|>earanre of the roofing and inter¬ 
feres with its sale, but indicates that improper 
mixtures have l>een used m its manufacture 

The function of the coating is to seal 
in the saturation, protect it from oxidation 
and volatilization, and exclude moisture from 
the fabric fibres. The coating should weather 
nwav gradually and uniformly. As soon as 
the mating disappears through weathering 
or attrition of the elements, the fabric will 
commence to rot, and weaken, until it tears 
during the first heavy wind, and this will 
terminate the life of tin* roofing. 

A projx'ily laid prepared roofing will no 
longer fulfil its function as a result of: 

(1) Local jierforations due to the coating 
compound failing in spots, the seams ojxming 
up on account of the lap-cement Ixdng faulty, 
hard lumps or particles in the felt, rusting 
away of the nails,the bituminous matter liemg 
extracted from the felt by rosin or turpentine 
in the roof hoards, the fabric drying out or 
otherwise Incoming brittle and cracking, the 
roof lieing subjected to undue external vio¬ 
lence such as a hailstorm, rough walking 
upon it, dragging heavy articles over it, 
objects falling upon it, etc. 

(2) The fabric weakening to such an extent 
that it is torn and rendered unserviceable 
by the first heavy windstorm. As long as the 
weather coating remains intAct, this will not 
occur, but just as soon as it wears thin or dis¬ 
appears, moisture will find its way into the 
fabric and rot its fibres, so that the roof is 
soon doomed unless it is repainted (p. 470). 
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(3) Trouble caused by the underlying roof boards', due to shrinkage, cracking, 
splitting or rotting, which would subject the roofing to excessive strains, and either 
rip it from the seams or tear the sheets. 

Most manufacturers recommend that prepared roofings be coated from time to 
time with a bituminous paint (p. 470) to renew the weather-coating as it wears 
away. This procedure is applicable to smooth-surfaced roofings, or ones surfaced 
with very fine sand or grit. Slate-surfaced roofings or roofings coated with gravel 
nr crushed rock are not amenable to painting, due to the interference of the coarse 
mineral particles. With projicr care and repainting at intervals, a properly manu¬ 
factured single layered 3-ply smooth surfaced prepared roofing will remain service¬ 
able for 20 years. Some manufacturers guarantee the 1-ply roofing to last five years 
without painting, 2-ply from five to ten years with one painting, and the ii-ply 
from ten to twenty years with two or more paintings. As in other industries, 
it is generally true that the smaller and less responsible the manufacturer, the more 
extravagant, the guarantee offered. In recent years, guarantees have been very much 
overdone by certain prepared roofing manufacturers, and as a result the public has 
grown wary, but is fortunately lieginiiing to pay more attention to the manufac¬ 
turer's reputation and to the record of the particular brand of roofing, which after 
all afford much better assurance than a "guarantee." 

Laminated Prepared Roofings. These consist of two or more layers 
of bituminized felted fabric ('(imposed of vegetable or animal fibres, 1 
two or more layers of bituminized worm fabric composed of animal or 
vegetable fibres; 2 two or more layers of bitmiiinized felted and worm 
fabric composed of animal or vegetable fibres; -1 combinations of plain 
or saturated asbestos felt with bituminized woven or felted fabrics 
composed of vegetable and animal fibres.' 

1 lb S Pats 44,21*0 of Sept 13, 1864, and rei-mic 4,862 of Apr 9, 1872 to Alfred Itobinwm; 
4S.3U of Jim. 20, ISO,,, and 7.1,197 of Mar 3. ISOS to Alfred Robinson, 202,902 of Apr 23, 1S7K to 
C M, Warren; 211.66!) of Jun 28, 187!) to W II ItaiiXin, 237,158 of tel, 1, 1881 to II. A, llen- 
dall; 216,368 of Apr 11, 1882 to (I. U. Poseliel. 278,278 of May 22, 1883 to Anttnstine Sarkelt 
291,000 of Jan 8, 1884 to Josiali Jowitt. 312,4.11 ot Pel, 17, 188.1 to Mediae! Id,ret. Jr , 318,9111 of 
May 26, 1885 to Josmh Jo.itt 341,043 of May 4, 1886 to Tobias New. 351.948 of Nov 2, 1S86 
to C. M. Warren, 362,202 of May 3. 1887 to l’lnlip { nrey, 418,569 of Her 31, 1889 to t! W 
Johns; 427,174 of Mat 6, 1890 to M C Kerbanyh. 4l’!l,885 of Juno 10 , 1890 to W if II Childs, 
4.15,000 of June 30, 181)1 to M C Kerhaiigh. 674,219 ot Mat 14, 1901 to J A. Seharwath, 851,3.11 
of Apr. 23, 1907 to H. II. Warded. Kite Pal of 1873, Sept 26, No 3,147 to J. A. Turner Oer 
Pat 121,436 of May 6, 1800 to A. W. Andernael, 

1 1'.ng. Pat. ot 1888, Sep. 28, No Ki.OTJ to Donald Niooll, V s Pat 1,248909 of Ilee 1 
1917 to It. II. Pullar. 

‘ lb 9 - fils, 125,574 of Apr 9. 1872 to II W Jobes 150,630 of May . 1 . 1874 to J A Turner, 
278,722 of June 5, 1883 and 293,491 of peb 12, 1881, also 304.741 of Sept 9, 1884 ad to II M Miner, 
385,057 of June 26, 1888 to Alexander Jones, 4.13,979 of June 1), 5891, and 460,668 td Jun 31, 1893 
both to 0. S. I.ee; 624,976 of May 16, 1899 to II J ltedicl,, 636.022 of (lit 31, 1899 to Cl I) 
Ctabbs and W, 11, Pcndery. 753.082 of Mar 8, 1904 to S I! Holland, 77.1,968 of Nov 29, 1904 to 
Ausust Gross; 813,336 of Feb. 20, 1896 to II It Wattled, 820,47(1 of May 1,1, 1906 to 11 W. 
Bird; 845.414 of Feb 28, 1907 to Samuel Herbert, Knit Pat of 1888, Apr 14, No. 5,577 to W P. 
Thompson: 1893, Clot. 14, No. 17,1X13 to Emile Pierrot. 

‘V. 8. Pats. 333,138 of Dee. 29, 1885 to Franeia bine. 418.519 of Dee 31, 1889 to II, W. 
Johns; 890,526 of Jan. 7, 1902 to F, S. Miller and W. B. Davenport. 817,619 of Apr. 10, 1006 
to G. F. Bishopric; 1,220,066 ot Mar, 27, 1917 to 0. R, Emigh, Ger Pat. 141,760 ot May 22, 1901 
to Maurice CouteUier, 
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The fabrics may be combined in innumerable ways, and in as many 
layers as desired, but generally with five as the maximum. At the 
present time the most popular forms of multiple-layered prepared roof¬ 
ings include the following: 

(1) Two or three layers of tarred felt cemented together with coal- 
tar pitch. . 

(2) Asphalt-saturated felt fastened with an asphaltic adhesive to an 
asphalt-saturated burlap, and surfaced top and bottom with an asphaltic 
composition. 

(3) Burlap emliedded in an asphaltic adhesive between two layers of 
asphalt-saturated felt, and surfaced top and bottom with an asphaltic 
composition. 

(-1) Untreated cotton duck fastened with an asphaltic adhesive to an 
asphalt-saturated and coated felt. This form is intended for use as a 
decking or (Kirch covering, to have its up|HT surface painted with an oil 
paint, as previously described. 

(">) Two or more layers of asphalt-saturated asbestos, fastened 
together with an asphaltic adhesive, and in some cases surfaced either 
with a sheet of unsaturated asliestos felt, or with an asphaltic coating 
composition. 

(ti) An asphalt-saturated fabric, either woven or felted, fastened with 
an asphaltic adhesive to a layer of asphalt saturated asbestos. 

(7) Unsaturaled asbestos fastened with an asphaltic adhesive to a 
layer of asphalt-saturated and coated felt. 

Since n woven fabric (burlap or cotton ducking) absorbs n smaller pcrccnuige 
of bituminous saturation 1 linn a felted fabric, the former when saturated is far less 
weather-resisting It is preferable, therefore, to use (lie woven sheet for backing a 
laminated roofing, and thus protect it from the direct action of the weather as much 
as [Missible, and where it will at the same tune fulfil its function of adding to the 
strength of die finished product. 

Processes have also lieen deserilied involvmgtheu.se of wire mesh fastened with an 
asphaltic adhesive to an asphalt-saturated felted or woven fabric composed of ani¬ 
mal, vegetable or mineral fibres ! but this is not practicable, as the cost of wire mesh 
is prohibitive, and besides is apt to rust out, in a short time. Another structure 
consists of a sheet of thin lead emliedded in an asphaltic adhesive between two layers 
of tarred felt ■ 

A more practical device consists in fastening a sheet of thin steel with an 
asphaltic adhesive lictwecn two layers of treated asliestos This is marketed in either 
flat or corrugated sheets of 26 to 2(1 gauge, weighing 125 to 225 lb. per 100 sq. ft. 
net. The flat sheets measure 30 in. by 6 ft, 8 ft , S) ft. or 10 ft. respectively, 

' V S Pali 440.77.1 of Feb. 17, tstll to J X Hopper, .’,30.707 of May 21, 1899 to F. W. Cool- 
baugh an<l X M Gootllett, 707,723 of Auk 10. 1904 to F W Terpenning. 

* U J?. Pat 441,030 of No\ 18, 1890 to Arthur Hebei. 



ASPHALTS AND ALLIED SUBSTANCES 



and the corrupted sheets 20 in. by 6 ft., 8 ft., 9 ft. or 
10 ft. 1 The material may either be used as a siding or 
roofing, and is strong, light, rust-proof and fire-resisting. 

Flexible laminated prepared roofings may be manu¬ 
factured either by the continuous or the intermittent 
process. If the former is used, the individual layers are 
first impregnated in a tar or asphalt saturator (p. 395), 
then wound in rolls of large diameter known as "jumbo” 
rolls, and finally joined m the desired number of layers 
and sequence on a form of machine illustrated in Fig 132, 
designed to assemble not exceeding five layers. If made 
on a continuous-process machine, as many saturators 
must, be provided as there are layers to be impregnated. 

With the exception of 2- anil 3-ply tarred roofings, 
multiple-layered roofings are not manufactured in standard 
weights. The 2-ply tarred roofing ranges between 40 and 
451b., and the 3-ply between 00 and (is lb.in one-square 
rolls. 

Roll Roofings Finished with an Ornamental 
Surface. Numerous devices have been used to 
break the continuity of sheet roofing, by finishing 
it to simulate the appearance of tiles or shingles 
as illustrated in Fig. 1114 (.1, H, (', I) and' K). 
One method consists in embossing the sheet in 
imitation ol tiles and filling in the depressions 
on tilt! under side with a composition of matter,? 
another in decorating the surface by hexagonal, 
square or oblong impressions in imitation of 
shingles; :i coaling portions of the surface with a 
skeleton form of paper rut into designs, or else 
sand, gravel nr other mineral mutter and leaving 
adjacent portions uneoated in the form of 
shingles; 4 printing the surface in hexagons, 

1 U S Pats 788.358 »»f \pr 25, 1905, reissue 12,17.1 <>f \pr 
24, 1900, and 810,001 of Apr If, 1900, all to F I) .laeolm, also 
845,290 of Feb 20, 1007 to K II Hums, 1,002,111)1 of Sep 5, 1011 
to K T Newsome, 1,115,714 of Nov If, 1011 to T I) Miller, 
1,107,ft 19 of .Ian II, 11)10 toP M Stewart 

*V S Put 828,2.12 of Dee 11, 11)00 to J () Halletitme 

1 P S Pats 1,030,127 of \u« 20, 11)12 to C S Hard. 1,080,017 
of Dee 9, 1913 to W F. McKay. 1,208,595 of Dee 12, 1910 to 
W. F McKay, 1,211,059 of Feb 0, 1917 ami 1,228,191 of May 29, 
1917 both to W P Dun I-any 

* U 8 Pats 1,030,427 of Auk 20, 1912 to (' S Bird, 1,123,727 
of Jan 5. 1915 to 8 H Goldberg, 1,181,827 of May 2, 1910 to C 8 
Bird, 1,250.577 of Dee 18, 1917 to 8. II Goldberg 1,203,051 of 
Apr 10, 1918 to 8 M Ford. 
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s<junrf's or oblongs with an asphaltic paintapplying a coating of melted 
asphalt in designs over a grit surfacing;- distributing crushed slate of two 
or more colors in adjoining squares, diamonds, hexagons, or other designs, 
to produce multi-colored effects; '* mixing mineral particles of different 
culm's to impart a mottled ap|>oaranee, etc.* 

A different procedure consists in creasing 24-in. roofing sheets longi¬ 
tudinally 4 in. from the edges so that they may lx> laid over wooden 




battens 1 j in, square, spaced 20 in. from centres, and in this manner 
break up the surface by a number of standing seams intended to cast 
shadows.'’ 

These decorative roofing sheets have liecome very popular in recent 
years. They are less expensive than composition shingles in view of the 
smaller amount of material required to cover 100 sq.ft, of roof surface, 

I r S I’au l,02l,.H9 and 1,021,5:,Oof Apr .10, 11)12. to M B Birkir. 1.113.1 111 of OO 0,11)14, 
toS H Goldberg. !,1.'»7,W.4 and 1,157 .tKVjofOet 2(1,19 l r », a mi 1.222, VM of Apr 17, !917toM 14 Herkw 

H’ H F’at 1,174,9(50 of Alar 14, 191ft to M B Beeker 

M M Pats 1.082,3(54 of Dec 23, 1914. to A S Hpieirrl. 1.157,438 of Oct 19, 1915 to A H Hpiege! 

and L F Lmdley. 1,194,890 of Auk 15. 191** to A 8 Hpicjrrl, 1,251,481 of Jan 22, 1918 to C, M. 

Clarke, 1,204.44.1 of \pr 20, 1918 to \ S SpifftH, 1.2*58,Id'* ol June .1, 1918 to H M Ford. 

« 1 8 Pal 1,1.44,081. of Mar 30, 1915 to F C la.wrey 

- U S Pat 1,210,855 of Jan 2, 1917 to K L Shamvtald, J; 
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and are accordingly used where the price of individual shingles cannot 
be afforded. 

Prepared Roofing Shingles. These represent a further development 
in prepared roofings, to produce decorative effects in imitation of wooden 
or slate shingles. This is brought alwiut by cutting the roofing in dia¬ 
mond «r rectangular units adapted to be laid in over-lapping courses. 

One method consists in manufacturing sheets of roll rooting with a 
scalloped or “ serrated ” edge intended to be laid in courses so that the 
scalloped portions remain exposed to the weather. 1 This type of pre¬ 
pared roofing shingle has not proven very successful, as the long strips 
do not adequately provide for the expansion and contraction of the roof 
boards, and unless conditions are exactly right, the roofing is apt to 
wrinkle. 

The foregoing objection is overcome by cutting the prepared roofing 
sheets in the form of hidindmd shingles, usually in rectangular units. 
These may either be of uniform thickness,- or they may be tapered so 
the shingles will be thicker at the bulls.- 1 One form is provided with a 
flap at, the butt, adapted to lie turned back and nailed underneath; 4 another 
is formed with a portion of the shingle cut away on one side, resulting 
in what is known as a “ self-spacing ” shingle.’’ As manufactured to-day, 
the standard size of individual shingles is S by 12] in., ini ended to be laid 
4 in. to the weather and j in. apart, requiring 424 shingles, or 3(H) 
sq.ft, of shingle surface weighing 220 lb., which is sufficient to cover 100 
sq.ft, of roof surface in three thicknesses. Individual shingles arc usually 
made with a slate surface from a No. 4S to r>. r > raw felt, and carry 
23 to 38 lb. of slate surfacing per 100 sq.ft, of shingle surface, or 70 to 
115 lb. per square of shingles. They are sometimes made from a No. 
75 to 80 felt, and finished with a smooth surface. 

A heavier and stiffer type of red or green slate-surfaced shingle is also manu¬ 
factured weighing 240-250 lb ]ter square, comprising 424 shingles each measuring 
8 by 12J m. fa another modifieation, the shingles are multi-colored, the upper 
half being surfaced with red slate particles and the lower with green slate so that 
each shingle may be used to present either a red or a green surface dc)icnding upon 

‘ U. S Pat* 702,6M of Juno 17. 1002 to W II Ilarl.e, 742,614 oi Ort. 27, 1003 to J. I. XI 
DuFour: 875,099 and 875,565 oi Per 31, 1907, 876.009 of Jan 7.1908,881,023 ami 881,024 ot Mar 
3, 1908. 891.500 oi June 23, 1908, and 942,600 ot Dec 7, 1909, all to F. C (herbury. 966,178 ot 
Aug. 2, 1910 to J I„ M DuFour, 978,333 and 978,334 of Deo 13. 1910. 1,102,680 ol July 7, 1914, 
and 1,130,368 ol Mar 2, 1015. all lo F C CHerbory , 1,126,932 of Fob 2, 1915 to Herbert Abraham 

1 U S Pata 310.192 ol Jan 0, 1885 to J T Kdaon: 455,271 and 455,272 ol June 30, 1891 to 
Hermann Hermann, 845.890 of Feb, 26, 1907 to K II Pinna 

= 1'. S I’ata 394.033 ol Deo 4. '888 to S K Troll, 877,019 ol Jan. 21,1908 lo J. W Troeser, 

886,912 of May ft, 1908 to (' W Young, 1,197,307 of Sept. ft, 190b to F M Uuuohhaupt, 1,191,932 

Re 14,.387 of Ort 30, 1917, to J (\ l.oyer 

«U. 8 Pat 1,104,998 of July 2S. 1914 to F C (hcrbu.y. 

» U. 8 Pat 1,244,654 of Oct 30, 1917, to A. 8 Spit***! 
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which half is exposed, or if desired variegated colored effects may l*e used l>y reversing 
the shingles at intervals. An attachment for cutting roll roofing into individual 



Court <wy of Guyton & Cuinfer Mfg Co 
Flo. 135.—Shmulc Cutter Front View. 



Courtesy of Guyton & Cumter Mfg Co. 
Fig. 130.- SInngle Cutter Hear View. 


shingles is illustrated in Figs 135 and 130. The sheet is first sliced into 8-in. 
longitudinal strips upon Ix'ing fed through a gang of circular knives mounted on a 
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common shaft, and these in turn are severed into 12 J in. units by a rapidly revolv¬ 
ing transverse blade extending the full width of the machine. 

Still another type is stamped from strips composed of a metal core to which 

sheets of waterproofed asliestos are fastened 
on either sidp by means of asphalt, as 
describ'd on p. 409.’ 

In another ramification the shingles 
are made in larger units (9 by 16 in.), 
to Ik* exposed 5 in. to the weather on lay¬ 
ing and spaced 6 in. apart as illustrated in 
Fig.. 137. 1 This is known as the “wide¬ 
spaced method ” and has the advantage of 
requiring less shingle area to cover 1(X) 
sq ft. of roof surface. Thus, with the cus¬ 
tomary slate-surfaced fabric weighing 75 lb. 
per 1(X) sq.ft., it will take 192 9 by 16- 
Courtcsy of Hmtkote Co. j n w ide-spaccd shingles, or a total of 192 
Fui. 137 —Wide-spaced Shingles. 8q . f t . 0 f shingle area, weighing 145 lb 

to cover 100 sq.ft, of nx>f surface. 

The so-called “ multiple-shingle strip,” consists of two or four units joined 
together in the form of a flat strip* as illustrated in Fig. 138. The form having 
square butts 7J in. wide is made 32J in. long (over all) and 10 in. wide, with cut¬ 
outs 4 by J in., and adapted to be exposed 4 in. to the weather. A square mil 
include 112 shingle strips of 244 sq ft area, weighing 185 lb. A shingle strip is 



Courtesy of Flintkote Co 

Fig. 138.— Multiple Shingle Strip. 

manufactured with diamond-slmiied cut-outs extending back 4 in. from either edge (Fig. 
139), and in units measuring 12J by 32J in. over-all. A square includes 112 shingle 
strips measuring 220 sq.ft, in area, and weighing 165 lb. A “ reversible shingle 
strip” (Fig. 140A and H) is manufactured with the square butts on one side and dia¬ 
mond on the other, measuring 32J in. long and 12J in. wide over all. A square 
includes 112 shingles, measuring 200 sq.ft, in area, weighing 195 lb., and may lie 
laid with either the square butts or the diamond points exposed, as desired. The 
advantages of the shingle strips are that they may Ikj laid more rapidly than individi- 

>U. S. Pat, 1,059,682 of Apr. 22. 1913 to T D Miller. 

*U. 8 Pat. 1,145.440 of July 6. 1915 to Calvin Russell 

»U. S. Pats. 891.501 of June 23, 1908, 908,125 of Dec 29, 1908, 1.150.298 of Aug 17, 1915, all 
to F. C. Overbury; 1.207,523 of Dec. 5, 191(1, 1,209,955 of Dec. 26, 1916 both to S M. Ford: 
1,219,052 of Mpr. 20, 1917 to W, F. McKay, 1,243,064 of Oct. 16, 1017 to () A. Heppee. 
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ual shingles, duo to the fact that two or more units arc coupled together, also that 
it will take a smaller quantity of roofing to cover a UK) sq.ft, of roof area. The 
appearance of tin* roof when laid is substantially the same as'm the ease*of individ¬ 





ual shingles, but it is not protected with as many layers of fabric, for obvious 
reasons. 

Fastening Devices. Sheets of prepared roofing were originally 
fastened to the roof boards by means of | to 1-in. steel nails, driven 
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through convex discs composed of American terne plate (thickness IX), 
I to 1 in. in diameter, the nails being spaced 2 in. from centres. Discs 
formed of prepared roofing, 1 square caps of enameled metal having a 
raised centre portion, 2 steel discs fastened directly to the tops of wire 
nails (known as the “ simplex roofing nail ”) were next proposed. 

At tile present time the “ caps ” have been almost entirely replaced 
by large-headed roofing nails, of which two types arc in vogue, viz.: 

Diameter of Head Diameter of Shank Length of Shank 
A mom-fin felt roofing nails in j s j in 1 in. 

Barbed \'o. 10 roofing nails \\ i*i i m 2 in. 

For the better grades of roofing, the nails should either be sherard- 
ized or galvanized, and protected with not less than 37) mg. zinc per 
square centimeter, corresponding to l 1 , oz. per square foot of surface.' 1 
Sherardizing is preferable to galvanizing, as it affords better protection to 
the steel, assuming that equal weights of zinc are applied in both cases, 
and forms a coating that will not chip or flake off should the nail shank 
or head bend. This is very likely to occur at the junction of the shank 
and head when the nail is driven in place. A well-sherardizod nail will 
withstand the weather under normal conditions from ten to fifteen years, 
without further protection, and in the author’s opinion constitutes the 
most satisfactory means of nisi-proofing. 

With cheaper prepared roofings, it is customary to furnish the nails 
in the " bright " form, i.e., without being treated, but it then becomes 
necessary to protect the heads when hammered into place, with a 
liberal coating of “ lap cement " (p. 170). Although the latter will 
tend to retard corrosion of the steel, the practice is not to be recom¬ 
mended, where the durability of the roof is an important consideration. 

Other metal fasteners include flat or formed tapes intended to he nailed at inter¬ 
vals; 4 long strips with spaced |H*rforated concave portions; 6 short strips reinforced 
by having the centre portion raised, and capable of accommodating four nails, illus¬ 
trated in Fig. 141, known as “ roofing cleats ” 6 

»U. S. l’at. 742,580 of Oct. 27, 1003 to B 0 Cosier 

* U. S Pat. 810,522 of Mar 27, 1906 to (J. R Wvnmn 

3 If a represents the diameter of the nail head, b the nxerage length of the shank, and c the 
diameter of the shank, then the total area of the nail's surface mil be equal to 

11 22 , 

+~bc. 

«U. S. Pat, 348,844 of Sept. 7, 1880 to David Harger 

»U. S. Pats. 887,532 of May 12, 1908 to II. B Sherman, 967,208 of Aug. 16, 1010 to J. F 
Leslie. 

•U. S. Pats. 973,902 of Oct. 25, 1910 to W H. Woerheide. 981,362 of Jan 10. 1911 to J If. 
Bell; 985,501 of Feb. 28, 1911 to J. H. Bell. 1.017.611 of Feb 13.1912 to H U Ward'll (Federal 
Reporter of Jan. 12, 1915, tlB, 604b and 1,187,532 of June 20, 1016 to H. C. Ketteleon. 
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Less expensive fastening deuces consist of shcrardizcd or galvanized wires which 
may lx* looped at intervals, 1 or composed of a series of spaced, perforated flattened 
areas* as lllu.strated m l'tg. 112 Another fastener consists of an N-sha|>cd piece 
of wire having one limb pointed for driving into the Ixiards, the other ending in a 
small loop intended to be bent over the «(/</< of the sheet at the seam. Similar devices 
have been proposed for fastening shingles,' consisting of n metal stup limit'd under¬ 
neath the shingle with one end projecting hcvnnd the shingle and intended |o be bent 
over the butt. Another shingle fastener is compost'd of grooved strips of metal to 
be inserted in between adjacent shingles 4 

Many methods have been dev ml for protecting the seams anti covering 
tin* nail heads, as for example folding back the upjier sheet of moling after forming 
the seams; 1 timing the nails through the umhi sheet of rooting only, anti then 
cementing the upper sheet over the nails heads;" forming the roofing sheets with 



Cmirteav of I lie Stumlard Point Co. 

Fia. 141.—Types of Roofing “ Heats." I'm 142 - Wire Roofing Fastener. 

lievelletl edges,’ providing the edges of the sheets with one or more flajw composed 
of burlap, metal, or the same material as the roofing itself, intended to be folded 
over the nails heads and fastened with liquid lap-cement.. The last, is known 
as "concealed nailing”' 

Methods of Forming Roll Roofing Packages. Roll roofings arc* pre¬ 
pared for shipment by winding them on tin* out side with a heavy 
paper ‘‘wrapper,” and packing the “fixtures” consisting of the nails 
and can of “ lap cement ” in the core of the roll. Various devices have 
been used for holding the fixtures iu place, including sheets of cloth or 
heavy paper posted over the ends; cylindrical plugs of wood driven in 

> U S PatB 757.103 of Apr 12, 1004 and 778.803 of Jan 3, 1005 to F H Howard. 1,242.675 of 
(>«t 0. 1017 to S M Ford 

* t S PatB I 237,270 of Aug 21, 1017 to Herbert Abraham, and 1,225,072 of May 15, 1017, 
to H. C hettelaon 

• U S Pat 07H.334 of ])#<• 13, 1011 to F C Overbury. 

•U S. Pat. 1,15.3,152 of Sept 7, 1015 to ! ranaa Hruckcr. 

» U. F Pat 60,708 of Jan 1, 1867 to C’ J Fay 

«W. 8. Pat 713,588 of Nov 18, 1002 to John Ayraolt 

»U. 8. Pat 813,103 of l eb 20, 1900 to W J Moelhr 

' f S Pat. 632,825 of Sept 12, 1809 to H J. Ileduk 0.36,022 of Oct. 31. 1800 to 0. D. Crabbs 
and W H Pendery. 652,150 of June 10, 1900 to F W Terpen mug, 000,315 of Mar 5, 1901 to 
D P. Whitmore. 835.889 ol Nov 1.3, 1900 to W J Moeller. 855,757 of June 4. 1907 to (J I) 
Crabba and W. H Pendery. 868,030 of Oct 22, 1007 to A. K Kirk, 084,860 of Feb. 21, 1911 to 
F. E Smith 
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the openings at the end of the roll and fastened together with wire; 1 
using a paper wrapper wider than the roll, turning over the edges into 
the core and wedging into place with cylindrical plugs; 2 sealing the 
openings of the core with plaster of paris plugs; 3 constructing the 
openings of the core by driving wooden wedges between the convolu¬ 
tions at the ends of the roll; 4 covering the ends of the roll with 
wooden discs wired together; ■' covering the ends with metal discs 
wired together; 9 covering the ends with metal discs fastened together 
with a light metal rod; 7 metal discs held in place by projecting flanges; 8 
packing the fixtures in an elongated cylindrical cardboard case, which 
at the same time serves as a mandrel for the roll; 9 wrapping the nails 
and can of lap-cement in a paper or cloth package provided with a Nap 
which is inserted between the inner convolutions of the roll of roofing 
as the sheet is wound on the machine 10 etc. Most of the rolls shipped 
at the present time are protected with “heads,” of cloth pasted in 
place. 

Method of Laying Prepared Roofings and Shingles. Prepared roof¬ 
ings may either lie laid in a single course, or in a so-called “ built-up ” 
form, composed of two or more bituminated sheets constructed on the 
roof of the building. The angle course method is adapted only for 
application over wood, whereas built-up roofs are equally suitable for 
use over wooden or concrete roof decks. 

Lmjimj the Fabrics in a Single Course. In this case the sheets are 
laid with 2-in. seams and cross-seams, the joints being sealed with 
liquid lap-cement,, and fastened with large headed nails, or with any 
of the other devices described. The usual method of forming the seams 
is illustrated in Fig. 143 (A and H). The same method is followed in 
laying single- or multiple-layered bituminated roofing sheets in one 
course. Where the sheet is surfaced with moderately fine mineral mat¬ 
ter on but one side, it is advisable to lay this against the roof boards. 
A single course of multiple-layered rooting, composed of burlap cemented 
between two layers of asphalt-saturated and coated felt is introduced 

1 U. 8. Pat. 094,304 Fel» 25, 1902 to C 8 . Bird and J B. Hansoom. 

*t\ 8. Pat 803.713 of Not. 7. 1905 to H M Hoynolda. 

»U 8. Pat. 852,307 of Apr 30, 1907 to W. P Penney 

*U. 8. Pat 713,938 of Nov. 28, 1902 to W II Baclie. 

» U. S Pat 873.04(1 of Dec 10, 1907 to K S Howard 

• U. 8. Pat. 742,558 of Dot 27, 1903 to W H Baehe. 874,160 of Dee. 17, 1907 to Purlan 
Buokborough. 

»U. 8. Pats 825,239 of July 3, 1900 to M. C Ohuemua. 919,607, 919,608 and 919,739 of 
Apr. 27, 1909, and 923,362 of June 1, 1909, all to G W Loughman 

»U. 8. Pat*. 996,510 and 996,511 of June 27, 1911, both to G J. Oetsch. 

* U. 8. Pat. 980.406 of Jan 3. 1911 to B. G. Casler 

‘•Canadian Pat. 143,374 of Oct. 15, 1912 to C W. Dohm. 

n U. 8. Pat 840,103 of Jan. 1, 1907 to K W Bird. 
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between two layers of sheathing Ixiards for rovering freight ears, the 
function of the upper layer being to protect the roofing from injury. 1 

/foe/s (oostrotinl of Tiro or Mart’ (ourrt's of Tohnrsf If used 
over wood, it is customary to first install a layer of sheating paper 
(not necessarily bituminized), to prevent the melted compound from 
dripping into the building, also to purposed' separate the built-up roof 
from the wooden laiards, thus allowing fho latter to shrink without 
danger of tearing the roofing. This layer of sheathing pa|>er should 
mil be included in counting the total manlier of courses or “plies" 
in the Imilt-up roof. 


Prevailing Winds 



A 2-ply built-up roof laid over wood and concrete res|>eclivcly,' 
composed of two courses of prepared nailing, is shown in Fig, 144 
(.1 and II). A 2-ply built-up roof laid over wood and concrete com¬ 
posed of 1 course of asphalt-saturated felt with 2 courses of single 
layered prepared roofing, is shown in Fig. 145 (A and II). The built- 

1 l > I’.it Ml.lll n( l«li 2<>, 1*1417 i" Samuel Herbert 

* l S Puts 40.M2 «»f N«t 3, 1 St>3 to I, S Mill* ami <’ II Smith, 01,878 of Fob. ft, 1807 to 

lohn Scanlon. 147 90J reiaane S41I of Sept 10, 1878, 179,131 of Jum 27, 1870 to l,e»i* Peirre, 
270.943 of Jan 23, ISKltoS I. foster, 290,103 of Apr 1, 1884 to I.e\i 11 an* and Domna llowarth. 

II 1,971 of Mar 17, 1881 to T H W lute. f!77,0 , »K of Jum* 2ft, 1901 to Emil ftorpeaon and Axel Wen- 

lorl.rrc, 712.193 of (Kt 28 . 1902, to F I Kane. 798,131 of An* 20, 190ft to F W. (lexelachap 
anti \rthnr Minding. 812,079 yf Jan 22. 1907 to F It Campbell, S46,ft72 of Mar 12, 1907 to (’. 

J. hun/ler, l,230,.J9ti of Juno 19, 1907 to f I foster 
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up roofs may ix> finished “ smooth ” as shown in the figures, or they 
may be flooded with melted bituminous compound and slag or gravel 
embedded therein while the compound is hot. 




Courtesy of The Standard Paint Co. 
Fig. 144—Two-ply Built-up Roofs over Wood and Concrete. 


A well-known type of .5-ply roof constructed of tarred felt cemented 
together with coal-tar pitch and surfaced with either slag or gravel, laid 
over wood and concrete respectively, is shown in Fig. 146 (A and B). 
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l-aying Shingle Hoofs. It is customary to lay K by 12J in. prepared 
roofing shingles by ex|x>sing them 4 in. to the weather, as illustrated in 
Fig. 147, which will be found self-explanatory. 




Courtesy of The 8taod«rd Peint Co. 
Fw. 145.—Three-ply Built-up Roofs over Wood and Concrete. 


Rating of Prepared Roofings and Shingles by the Underwriters' Laboratories, 
Inc -1 Thr Underwriters' Laboratories, Inc,, of Chicago, established and maintained 
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by the National Board of Fire Underwriters, classify fire retardant roofings into 
three groups,' viz.: 

Class A. Includes roof coverings which are effective against severe fire exposures. 
Under such exposures, roof coverings of this class are not readily flammable, and do 
not carry or communicate fire; afford a fairly high degree of heat insulation to 
the roof deck; do not slip from position; possess no flying brand hazard; and do 
not require frequent repairs in order to maintain their fire-resisting properties. 

This’class includes the following types: 




--rrrtTririiririrwrjwaairwnnmwii^f 







(A) 

(B) 

Courtesy of Barrett Company. 

Fig. 146.—Five-ply Built-up Roofs over Wood and Concrete. 


(1) Five-ply built-up roofs composed of coal-tar- or asphalt-saturated rag felt 
surfaced with bricks, tiles, cement, gravel or slag, containing 80 to 85 lb. of tar 
or asphalt saturated rag felt, 150-200 lb. of coal-tar pitch or asphalt, not less than 
400 lb. of gravel or 300 lb. of slag per 100 sq.ft., and limited to combustible or 
non-combustible roof decks, having inclines not exceeding 3 in. to the foot, hori- 
aontal. 

i Bulletin dated June 29, 1916; alao list of Inspected Mechanical Appliances issued by the 
Underwriters’ Laboratories, Inc., July, 1917. 
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(2) Three-ply built-up roofs containing not less than 40 lb. of asphalt-saturated 

asbestos felt, and 37 lb. of asphaltic cement per 100 sq.ft., and limited to non-com¬ 
bustible roof decks with inclines not exceeding 0 in. to the foot horisontal. Also 
4- and 5-ply built-up roof coverings containing not less than 00 lb. of asphalt-satu¬ 
rated asbestos felt and 45 lb. asphaltic cement per 100 sq.ft., and limited to com¬ 
bustible or non-combustible roof decks with inclines not exceeding 0 in. to the foot 
horizontal. + 

(3) A single course of laminated roofing composed of 4 sheets of asphalt-satu¬ 
rated asliestos felt, cemented together with an asphaltic adhesive, weighing not leas 
than 60 lb. per 100 sq ft , and limited to combustible or non-coinbustible roof decks, 
with inclines exceeding 3 in. to the foot horizontal. 



Clans II. Includes roof covering which are effective against moderate fire expo¬ 
sures. Under such exposures, roof coverings of this class are not readily flammable, 
and do not readily carry or communicate fire; afford a moderate degree of heat 
insulation to the roof deck; do riot slip from jxxsition; possess no flying brand 
hazard; but may require occasional repairs in order to maintain their fire-resisting 
properties. 

Bituminous roof coverings falling in this class include: 

(1) Three-ply built-up roofs containing not less than 48 lb. of coal-tar- or asphalt- 
saturated rag felt, 90 lb. of coal-tar pitch or asphaltic adhesive, 400 lb. of gravel 
or 300 lb. of slag per 100 sq.ft., and limited to combustible or non-combustible roof 
decks, having inclines not exceeding 3 in. to the foot horizontal. 

(2) Three-ply built-up roofs containing not less than 40 lb. of asphalt-saturated 
asbestos felt, and 40 lb. of asphaltic adhesive, limited to combustible and non- 
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combustible roof decks, capable of receiving and retaining nails, and to inclines not 

exceeding 6 in. to the foot horizontal. 

(3) Three-, 4- or 5-ply built-up roofs containing both asphalt-saturated asbestos 
and rag felts cemented together with an asphaltic adhesive. Various specifications 
are approved for this class of coverings. The 5-ply may be used on combustible 
roof decks, and is limited to inclines not exceeding 3 in. to the foot horizontal; the 
4-ply may be used on combustible roof decks but is limited to inclines not exceed¬ 
ing 3 in. to the foot horizontal; and the 3-piy is limited to non-combustible roof 
decks, and to inclines not exceeding 3 in. to the foot horizontal. 

(4) A single course of laminated roofing composed of either two or three sheets 
of asphalt-saturated asbestos felt cemented together with asphaltic adhesive, weigh¬ 
ing not less than 45 lb. per 100 sq.ft., and limited to combustible and non-combus¬ 
tible roof decks capable of receiving and retaining nails, and to inclines exceeding 
3 in. to the foot horizontal. 

Class C. Includes roof coverings which are effective against light fire exposure. 
Under such exposures, roof coverings of this class are not readily flammable, but 
may carry and communicate fire; afford at least a slight degree of heat insulation 
to the roof deck; do not slip from position; may possess a slight flying brund 
hazard; and may require fairly frequent repairs or renewals in order to maintain 
their fire-resisting properties. 

'This class includes one course of 2- or 3-ply (heavy and extra heavy) single¬ 
layered prepared roofing composed of asphalt-saturated and coated rag felt (finished 
with either a smooth, sanded or grit surface); also prepared roofing shingles com¬ 
posed of asphalt-saturated and coated rag felt (finished with either a smooth, 
sanded or grit surface). These are limited to combustible and non-combustible 
roof decks, capable of receiving and retaining nails, and to inclines exceeding 3 in. 
to the foot horizontal in the case of roll roofings, and exceeding 4 in. to the foot 
horizontal in the case of shingles. 

In brief, the following minimum requirements are proposed by the Under¬ 
writers’ Laboratories, Inc. for the Class C roofings: 

Dry felt to l>c uniform in thickness, texture and quality, averaging not less than 
10.4 lb. per 100 sq.ft, (corresponding to No. 50 on felt maker’s scale), with a mini¬ 
mum weight of 10 lb. (corresponding to No. 48). 

Saturating and coating compounds to be of an asphaltic nature, having a flash¬ 
point of not less than 210° C. (410° F.) by the Pensky-Martens closed-cup method 
and an ignition-point of not less than 400° C. (752° F.) as determined by the Under¬ 
writers’ Laboratories’ standard method. 

Surfacing materials to be non-combustible, including talc, soapstone, mica, slate, 
rock, sand, pebbles, gravel, terra cotta, crushed vitreous materials, etc. The dust¬ 
ing powder should not exceed 3 lb. per 100 sq.ft. The coarse surfacing materials 
to be free from dust, or foreign matter which would interfere with their adhesion, 
and to be well embedded in the coating compound. 

Nails to lie galvanized, and not less than J in. long for roll roofings, and 1 in. 
long for shingles. Bright nails when exposed to the weather should be protected 
with a rust-proof coating. 

Smoothsurjaced roll roofings to average not less than 37 lb. per 100 sq.ft, (ex¬ 
clusive of nails and cement) with a minimum of 34.5 lb. 

Grit-surfaced roll roofings to average not less than 37 lb. per 100 sq.ft, (exclusive 
of surfacing material, nails and cement), with a minimum of 34.5 lb. 
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Individual and strip shingles to be in such form, shape and site that there will 
be at least one thickness of roofing material at the thinnest point when laid, and 
that no portion of the deck boards will lx* exposed upon cutting away the weather 
portion of the shingles or strips along a line through the nails in the strips which 
secure them to the roof deck. The average weight, of a single thickness of the 
shingles exclusive of surfacing material, wrappers, and fixtures shall not lie less than 
37 lb. per 100 sq.ft, with a minimum of 34.5 lb. 

Multiple-layered prepared roofings and shingles to lie composed of two or more 
thicknesses of asphalt-saturated rag felt, cemented together and coated with an 
asphaltic material, with or without mineral surfacing. These are to comply in all 
essential particulars with the requirements for prepared roofings and shingles com¬ 
posed of a single thickness of felt. 

The foregoing classifications exclude wooden shingles, which constitute th« 
greatest competitor of prepared roofings. Figures compiled by the U. S. Dept, of 
Agriculture 1 indicate that from 1904 to 1912 the output of wooden shingles in tha 



Fio. 148.—Chart of Annual Production of Roofings in the U. 8. 


United States fell from 17J to 14 \ million squares, and from 1909 to 1015 from 18 
to 12J million squares; further, that the production of substitute roofings (includ¬ 
ing prepared roofings, prepared roofing shingles, slate, tile, etc.) increased from 4J 
to 131 million squares from 1904 to 1914. This is illustrated graphically in Fig. 
148 The total production of the substitute roofings manufactured in 1914, estimated 
at 13,005.835 squares (excluding tar and gravel roofs), is apportioned as follows: 


Cement, til" and miscellaneous 

0 4% 

Slate file 

1 1% 

Asphalt shingle* 

2 4% 

Metal shingles and tiles 

« 3% 

Mate <19131 

8 2 % 

Prepared roofings, tnrludin* asbestos roofings and shingles 

81 (1% 

Total . 

100 0% 


The author estimates that in 1919 there were shipjied 22 million squares of eom- 
jiosition roll roofings and 4 million squares of composition shingle. 

' Kept No 117 the “Substitution of other Materials for Wuwl Study of flu* Lumber Industry/* 
part XI, by Holf Thelan, Washington, I), C , 1917 
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BITUMIN1ZED FLOOR COVERINGS 

Methods of Manufacturing. Those first appeared on the market 
in 1910 as a substitute for linoleum, and have since enjoyed steadily 
increasing sale, due to their lower price, superior waterproof properties 
and remarkable resistance to wear and tear under foot. They are 
prepared from an asphalt-saturated rag felt printed on the surface in 
colored patterns, manufactured with or without a backing of burlap, 
and in all cases faced on the underside with a suitable paint or wash. 1 
When burlap is used, the asphalt-saturated felt may he regarded as 
replacing the central layer of oxidized linseed oil, resins, wood (lour, 
powdered cork, colored pigments and mineral filler ordinarily employed 
in manufacturing printed linoleums. Where no burlap is used, the 
asphalt-saturated rag felt may be viewed as the equivalent of both the 
central layer and burlap backing. 

The bituminized floor covering is less frequently composed of an 
asphalt-saturated rag felt carrying a moderately thick layer of the lino¬ 
leum composition (oxidized linseed oil, resins, wood Hour, powdered 
cork, colored pigments and filler) on the surface, and the usual paint 
or wash on the back. 2 

In manufacturing the floor covering, a sheet of rag felt of high 
tensile strength, great uniformity in texture and thickness, is first satu¬ 
rated with an asphaltic mixture having a somewhat higher fusing-point 
and greater hardness than used for manufacturing roofing (p. 301). 
The asphalt-saturated felt prepared in this manner is first allowed to 
season, and then sized on the upper surface with an aqueous solution 
of some glutinous substance, such as wheat or rye flour, casein, 3 animal 
glue and silicate of soda, 1 or the like, with or without the admixture 
of a suitable filler, such as ground shale (known commercially as 
“ talckene ”), clay, siliceous minerals, etc. The function of the sizing 
coat is to prevent the dark-colored hydrocarbons in the felted fabric 
from working their way through and discoloring the paint subsequently 
applied to the surface. 

When the size is dry, the fabric is “ primed ” or “ filled ” with a 

mixture composed of 2 to -I parts of “ gloss oil ” 5 and 1 part of com- 

' c 9. Pat. 1.184,584 of May 23, Uno to W. D Snow 

' V. S. Pat. 1.132,647 of Mar. 23, 1915 to E. L. Blabon. 

• U. S. Pat. 1,176,853 of Mar. 28, 1916 to Gtr.rjr Pnfold; Gar. pat.appl,72.226 of Fab. 13,1913 
to the Barrett Manufacturing Co. 

*U. 8 Pat. 1,008.296 of Nov. 7, 1911 to Judd Smith 

1 Coneiatlng of lineeed oil which has been heated to a temperature in the neighborhood of 
MO* F. with 1 to 2 per cent of red lead, litharge, or other euitable dryers, until the oil assumes 
the consistency of heavy molasses. 
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mercial “ boiled ” linseed oil, ground through a paint mill with a 
mixture of filler anil yellow oehre, and thinned to spreading consistency 
with a volatile jietroleum distillate. The function of the oehre is to 
impart a so-called " linoleum " color to the mixture. The filler and 
pigment should lie added in sufficient quantity to cause the paint fo 
assume a “fiat” finish on drying, and the [ictroloum distillate to 
reduce the mixture of oil and pigments to proper spreading consistency. 
The. priming 'mat is applied either to'one or both surfaces of the 
sized bitumiiiized fabric by running it through a pair of rollers or in 

some cases a set of rubber or leather squeegees. 

The sheet is then festooned in a steam-heated drying chamber, 
maintained at IK) to 14(1° T., until the priming coat has dried hard, 
whereupon it is passed through a set of “grinding rolls” compost'd of a 
suitable abrasive, to smooth and level it off. 

Mi limit of 1‘niihiiij mill (hiimnni. If the flooring is to be finished in 

designs to produce what is known to the trade as "print goods," it is 

next passed through a printing machine of the type ordinarily used for 
manufacturing linoleum, which will apply two or more colors in pre- 
deteimined patterns or designs. These may be varied at will by chang¬ 
ing the " print blocks ” or dies used on the machine. The colored print¬ 
ing mixture contains suitable pioportions of “gloss oil,” mixed with 
colored pigments in quantities sufficient to color the mixture, but not to 
oveieome the gloss when dry. The printed goods are again festooned 
in the drying chamber where they are allowed to remain until the surface 
coating dries hard. 

In inaiuitacliiring “ grained " tleor coverings in imitation of wood, the sized 
and primed Inline after bring -mootlinl and levelled, is passed tliiougli a “ 1’osse- 
liu- " graining in.irliinc, winch apphe- colored paint in the form of a grinning In 
impair die wood selected 'I lie i- allowed lo dn and die surface linislied with a 
coat of high-grade lloor Miim-li. m some rn-r- containing “gloss oil" when it is 
desired to increase the pllalnhlx of the filil-hlllg coal The fabric is then sus¬ 
pended in tlic dning oven and heated until hard and lough. 

The rev ne sale of the flooring i- usually surfaced in u dull red lint, similar to 
that used for finishing hurl.ip-harked linoleum Two general methods arc followed 
One consists in coating the under 'idr of the asphalt-saturated felt with (lie red 
paint after it lues liecn h/i-iI, tint Is-fore the pruning mat, which is thereupon applied 
to the upjier surface onlv An alternative method consists in simultaneously 
coating both the iip|s*r and lower surfaces of the sized fnbrie witli priming eouts. 
drying, and then applying (lie red pain', lo the back. In either case the red paint 
consists of a mixture of rosin varnish, gloss oil, lioiled linseed oil, ground shale or 
other filler, mixed with sufficient red iron oxide, to impart the desired shale, and 
thinned with petroleum distillate to spreading eonsisleney 

The raw felt used ranges from No. 4(1 to No 00; the asphalt-saturated produet 
weighs from 10-32 lb. per 100 sq ft ; the combined weight of the coats of paint 
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on the front and back surfaces 10 to 15 lb. per 100 sq.ft.; the finished weight of 
flooring (when manufactured without an intermediate layer of linoleum composition) 
25 to 45 lb. per 100 sq.ft.; the thickness of the coats of paint Xj—2 mils; the 
thickness of the finished product 50-75 mils; and the dimensions of the rolls as 
marketed 74 in. by 30-33 yds. 

Bituminized floor coverings after being sized are sometimes coated with a 
moderately thick layer of linoleum composition, containing oxidized linseed oil, 
resins, ground cork or wood flour, mineral fillers, and colored pigments. This lino¬ 
leum layer may be applied in patterns of variegated colors running all the way 
through, known to the trade as " inlaid ” goods, or it may be applied in a uniform 
color, and the surface printed as in the foregoing. Floorings having the patterns 
printed directly on the sized and primed felt are less expensive, and from all reports 
wear better than the type carrying the intermediate layer of linoleum composition. 

Bituminized floorings are also marketed in the form of rugs, with a Ijorder printed 
around the edges, 1 in some eases reinforced with a marginal stitching embedded 
underneath the surfaec-eoatiug. ! 

WATERPROOFING MEMBRANES 

The term “ membrane ” as applied to waterproofing was originally 
suggested by E. W. DeKnight, and alludes to a continuous sheet of bitu- 
minized fabric surrounding the structure to be waterproofed. The mem- 
bran;! system is also sometimes termed the “ clastic ” method, to distin¬ 
guish it from the “ integral ” or “ rigid ” method of waterproofing (p. 457 ). 
The former is ordinarily used for waterproofing structures in the course 
of erection, and particularly the portion below ground level, including 
foundations of buildings, retaining walls, railway bridges, tunnels, sub¬ 
ways, reservoirs, masonry tanks, swimming pools, etc. The fabric 
constituting the membrane may be felted or woven, or a combination 
of the two. 

Materials Used. The materials ordinarily used for this purpose 
include the following: 

Fabrics: 

(1) Tarred felt. 

(2) Asphalt-saturated felt. 

(3) Raw burlap or duck. 

(4) Tarred burlap or duck. 

(5) Asphalt-saturated burlap or duck. 

(6) Asphalt-saturated and coated felt surfaced with fine mineral 

matter, moderately coarse embedded mineral matter, wood- 
flour or sawdust. 

(7) A laminated sheet of bituminated fabric composed of bituminized 

felt, burlap or duck, used alone or in various combinations. 

1 U. S. Pat. 1.249,734 ol Dec. 11, 1917 to F. B. Footer. 

> V. S. Pat. 1,295,095 of Jan 29. 1018 to 11. G. Jackaon. 
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Bituminous Adhesite Compounds: 

(1) Coal-tar pitch or mixtures of ooal-tar pitch with water-gas tar 
pitch. 

(2) Asphaltic compounds. 

The weight of felted fabrics used for waterproofing purposes varies 
widely, but the best practice provides that the dry felt shall not be 
less than No. 30 on the felt makers’ scale (6.25 lb. per 100 sq.ft.) 
and the bituminiztxl felt not less than 14 lb. per 100 sq.ft. Saturated 
and coated felts are also made in various weights ranging from 14 lb. 
to 70 lb. per 100 sq.ft. 

Of the woven fabrics, burlap is generally employed, varying in weight 
from 10 to 20 oz. per square yard after saturation. The use of a cotton 
fabric is advocated instead of burlap, since cotton is less liable to rot 
on continuous contact with moisture, but on the other hand it is more 
expensive. Either the cotton or burlap may be made more resistant 
to decay by impregnation with a copper sulphate solution and drying 
before it is waterproofed with bituminous materials. Copper sulphate 
acts as a preservative and prevents the fibres hydrolyzing. The finished 
product should carry from GO to GGJ per cent of bituminous matter. 
No definite statements can be made regarding laminated fabrics com¬ 
posed of felt and burlap, since these vary widely in their structure 
and weights. 

There has been much discussion whether coal tar or asphaltic prod¬ 
ucts are superior for waterproofing masonry. 1 The present practice 
seems to favor the use of asphaltic products when they are to Ire sub¬ 
jected to air, sunlight or vibration, and the use of coal-tar products 
where the waterproofing is protected from these agencies. This con¬ 
forms with the author's experience. 

The following proposed tentative specifications (1917) for coal-tar-saturated felt 
have been proposed by Committee i) H of the American Society for Testing Mate¬ 
rials: 

The salurant to be derived from pure coal tar; the finished product to weigh 
not less than 14 lb. per 100 sqfl.; the material extractable with hot carton disul¬ 
phide shall not be more than 60 per cent nor less than 45 per cent; the loss on 
heating to 105° F. for twenty-four hours shall not exceed 6 per cent; the raw felt 
shall not contain less than 75 per cent of cotton and wool fibres; the tensile strength 
of a specimen 1 in. wide shall not to less than 25 lb. when cut in the direction of 
the length of the sheet, nor less than 10 lb. when cut across the sheet; the raw felt 
shall not contain more than 8 per cent of ash. 

In the case of asphalt-saturated felt, the finished product shall not weigh less 
than 14 lb. per 100 sqft.; contain not exceeding 65 per cent nor less than 50 percent 

i" Coal tar aod Asphalt Product# for Waterproofing," bp 8. T. W after, CKtm. Jfap.. U, Itf, 
1914 . 
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extractable with carbon disulphide; lose not exceeding 2.5 per cent on heating to 
105° F. for twenty-four hours, nor shall the product after this test be hard or 
brittle; the fibres present in the raw felt shall consist at least of 75 per cent of 
cotton and wool fibres; the tensile strength of a specimen 1 in wide shall not be 
less than 25 lb. when cut in the direction of the length of the sheet, nor less than 
10 lb. when cut across the sheet. 

The American Society for Testing Materials (1017) promises the following tenta¬ 
tive sjiecifications for creosote oil to Ikj used as a priming coat in conjunction with 
coal-tar pitch: 

The creosote oil shall be a pure tar distillate free from any substance foreign 
thereto; it shall he entirely fluid at 1(K)° F.; its specific gravity at 100° F. shall 
not Ik* less than 1.00 nor more than 106; it shall show less than 1 |>er cent insol¬ 
uble in hot benzol; when distilled according to the standard method (p. 522) it 
shall yield not exceeding 2 per cent, of water, not exceeding 5 |>er cent distilling 
under 200° F., not exceeding 50 per cent, nor loss than 20 |>or cent distilling under 
225° and not exceeding 15 per cent of residue at 255° (’. which must Ik* soft 
in consistoncy. The specific gravity at 100° F. of the fraction distilling lietween 
225 mid 215° O. shall not be less than 1.00 

Similarly, the proposed tentative Nitrifications for the primer to !>e used in 
conjunction with asphaltic adhesives, are as follows: 

The primer shall consist, of a paint containing an asphaltic base complying in 
every rosjK'et, with the asphaltic adhesive compound (p. 122), thinned to ordinary 
paint consistency with petroleum distillate having an cud point on distillation of 
not above 200° (\, of which not. more than 20 }K*r cent shall distil under 120° ('. 

The sjH'cifications for coal-tar pitch and asphaltic adhesives are given in Chapter 
XXVI. 

Preparing of the Underlying Surface. To insure the courses of bitu- 
minized fabric adhering properly to the underlying surface and to 
each other, the following precautions should he observed: 

(1) Where the membrane is to he applied lielow grade, an adequate 
drainage system must he provided so that the masonry surface will he 
thoroughly drij during the installation of the waterproofing. 

(2) It is of the utmost importance that the work should not l>e 
undertaken in rainy, snowy or very cold weather. 

(3) Concrete surfaces should he brushed, serajied or chipped to 
remove all sharp projections which would puncture the waterproofing; 
also any dirt, foreign matter or cement which may have been raised 
to the surface during the placing of the concrete. 

(4) Masonry surfaces should lie primed with creosote oil when 
coal-tar products are to be used, or with an asphaltic paint when 
asphaltic products are to be used for waterproofing. 

(5) Metal surfaces should be cleaned to remove all rust, scale, 
dirt or grease, and primed with a paint containing either coal-tar 
pitch or an asphaltic base, depending upon the character of water¬ 
proofing used. 
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(6) The floors of stool railroad hi ideas should first lio covered with 
a 1 : 3 : 5 concrete containing ] in 'tone or (travel, the surface of which 
when set and dry should he treated as s|iecilied in (3). 

(7) When coated fabrics are used, the adhesion may he promoted 
by omitting the crating from one side of the saturated felt, 1 since 
the melted bituminous adhesive hums a better bond with plain saturated 
felt than felt surfaced with a bituminous coating of harder consistency. 

(8) By surfacing saturated and coaled fell' with wood Hour, fine 
sand, or sawdust, instead of tale, soapstone or other finely divided 
mineral filler, lieeause the mineral [Minders exert a repollnnt action on 
the melted bituminous adhesive. 

(!l) When burlap is used in a single sheet, it is customary to 
manufacture it with the bituminous i:< atnm apple d in such a manner 
that the meshes between the strands will remain o|m‘ii, the theory being 
that the melted adhesive will fill these and thus key itself more securely 
to the bitiiminizcd fabric. 

(10) A 'ot less t/m» 25 lb. of wal-tar pilih or asphaltic adhesm shall 
h( applidl per 1(H) si/.fl oj umli ilyimi fain ic or masonry. 

Selecting and Installing the Waterproofing Membrane. Whether a 
felted or a woven fahiie or a combination of the two is to lie used, de¬ 
pends upon the diameter of the work and the preference of the engi¬ 
neer in charge. A woven fabric is more pliable, stronger, and less liable 
to tear or break when bent ovei sharp corners, but to counterbalance 
these, the felled fabric is less expensive, more durable and more resist¬ 
ant to moisture. Modern practice accordingly favors a combination 
of the two. 

The number of courses of bilimnntitcd fabric to lie applied depends upon Hie 
head of water encountered, the factor of safety sought and Hie views of the engineer 
in charge of the work There is no standard practice followed in Has connection. 
Where tarred- or asphalt-saturated felt weighing it Hi |>cr 100 si|ft. is used, the 
following figures will serve ns a safe guide 


1 

! 

Hjdroetatn' Head : 

I’rt-wttiro in Pound# per ; 
Si|iidn* 1 not iiinlt r 

1 loor 

\\rru»M* 1’rthH' rr in 
Pound# ) rr S«|iinrr 1 "<»l 
a 'im Ht !*ii!r v all# 

Ntiltilirr of Comae# 

1 nind or \*t|>luil( nattf. 

1 rlt (o hr 1 #i*d 

0 

0 0 

0 0 

2 

1 

«2 5 

31 2 

3 

2 

I2 r » 0 

02 5 

4 

0 

375 0 

187 5 

5 

8 

500 0 

250 0 

0 

10 

025 o 

312 5 

7 

15 

937 5 

408 7 

8 

20 

1250 0 

025 0 

9 


I P S P»t 819,00 of May I, UlOC, to P f inert,ury. 
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The fabrics should always be kid “shingle fashion," and all the layers applied 
in the same direction. 

(a) When the membrane is to l>e composed of two courses, lay the fabric 
shingle fashion, lapping each course 1 in. more than half the width of the preceding 
one. 

( h) When the membrane is to be composed of three courses, lay the fabric 
shingle fashion, lapping each course 1 in. more than one-third the width of the 
preceding one. 

(c) When the membrane is to l>c composed of four courses, first cover the sur- 
fiice with two layers of fabric laid shingle fashion, lapping each course 1 in. more 
thin half the width of the preceding one, and then follow with two additional 
courses installed in the same manner. 

(d) When the membrane is to lie coinjwscd of five courses, follow the procedures 
indicated in (h) and («) resjiectively. 

(c) When the finished membrane is to lie composed <,f < courses, duplicate the 

procedure outlined in (6). 

In the case of railroad bridges where the conditions are extremely severe, the 
following alternative sjiceifieations are recommended: 1 

(1) From four to six courses of bituminized felt. 

(2) A middle course of bituminized duck with two courses of bituminized felt 
on either side. 

(3) A liottom course of bituminized felt, followed by two courses of bituminized 
duck with two upper courses of bituminized felt. 

(I) Two or three courses of bituminized duck. 

(5) Combinations of the foregoing with asphalt mastic (see Table XXXIII, p. 131). 

The waterproofing sjiecificalions for subway construction issued by the Engi¬ 
neering Department of the Public Service Commission of the State of New York 
(Section 189), mid as follows: 

“ The fabric must be rolled out into the pitch or asphaltum while the 
latter is hot, and pressed against it so as to insure its Ix'ing completely stuck 
over its entire surface, great care being taken that, all joints are well broken by 
overlapping, and that unless otherwise permitted, the ends of the rolls of the 
bottom layers are carried up on the inside of the layers on the side, and 
those of the roof down on the outside of the layers on the side, so as to secure 
a full lap of at least 1 tt. Especial care must be taken with this detail.” 

It is extremely important that the work should be continuous. A lack of con¬ 
tinuity will be fatal to any membrane, since the water is sure to find its way 
through. Each layer of pitch, asphalt or other adhesive should coniplctrb / cover the 
surface over which it is spread, without breaks, blow-holes or other im|>crfcctions. 
The fabric must be rolled out smoothly, and pressed into the hot cementing mate¬ 
rial, to insure its slicking thoroughly and evenly. Where it becomes necessary to 
temporarily discontinue the work, laps at least 12 in. wide must lie provided to 
join with the ensuing section of the waterproofing. On walls connecting with 
floors, the ends of the floor layer should be carried through the wall and turned 
upwards outside, whereupon the fabric on the outside of the walls should l>c carried 
down over the ends of the floor layer, lapping at least 12, and preferably 21 in 

• " The Waterproofing of Solid Steel-floor Hailroad Bridge*," by S. T. Wagner. Proe. An. Sot 
pin/ Eng., T», 30ft, 1015. 
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On connecting the wall with the roof work, the layers of falino from the roof should 
Ire carried down over the outside of the wall layers forming a lap at least 12, and 
preferably 24 in. 

Protecting the Waterproofing Membrane. After installing the mem¬ 
brane, it must be protected against any mechanical injury which is 
liable to occur on backfilling with earth, de|sisiting concrete, or-brick- 
ing in; also against sagging, bulging, or running, when subjected to 
intense summer heat. The following means arc adopted for this pur¬ 
pose: 

(t) On walls it is customary to protect the membrane wifli brickwork, or a 
facing of 1 : iff I’ortland-ecnieiit mortar 1 lo ) in thick 

(2) On flat surfaces, die membrane is covered with concrete or bricks cintiedded 
in cement grout or a bituminous joint-filler (ji :tS2). 

(3) Where the membrane is laid on level floors of railroad bridges, very good 
results have lieen obtained by covering it with a 1 pin layer of asphalt mastic 
flooring (p 371l, winch i- snniclimes covered hv a course of asphall-suluraled 
fell. 

Table XXX11I gives a resume of the damji-proofing and waterproofing nielhoda 
applicable under different conditions to various structures. 


INSULATING AND SHEATHING PA PHILS 

Insulating and sheathing pajs'rs are manufactured from special paper 
stock waterproofed with liiluinminis mixtures in one of three different 
ways, and according lo which the following classes are recognized, viz.: 

(1) Paper coaled hut not saturated. 

(2) Paper saturated but not coated. 

(3) Paper both saturated and coated with bituminous compositions. 

The function of the insulating or sheathing pa|>cr is to prevent the 

transfer of heat from the outside to the inside of a dosed ehumber or 
building. Expressed in another way, its purpose is to keep the inside 
either cooler or warmer than the surrounding atmosphere. In the ease 
of cold-storage plants, railroad refrigerator ears, iee chests or vaults, 
insulating papers are used to keep the interior m «/; whereas with build¬ 
ings and residences heated artificially in winter, the function of the 
building or sheathing paper is to keep the interior worm, by preventing 
the egress of heat. 

Insulating and sheathing papers arc used to line walls, floors, and 
sometimes ceilings in one or more layers. The greater the numlier of 
layers used, the more efficient the installation. For buildings and resi¬ 
dences, usually one layer of the paper is employed, whereas for cold- 

•"Modern Method* of Waterproofing,” by M H. Lewie, N Y, 1014, 
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TABLE XXXIII 

DESCRIPTION OF WATERPROOFING AND DAMP-PROOFING METHODS* 


No. Material# Employed 


Method of l ac Thickness. 


A Clpar damp-proofing Brushed cold on exterior 2 coats 

paints. surfaces. 

B Paraffine melted and Brushed hot on exterior sur- Penetrates J 
applied hot faces previously warmed to ) in. 

C Black damp-proofing Brushed cold on interior 2 coats, 

paints. surfaces. 

D Bituminous cements. Trowelled cold on exterior 1 coat. A to 
or interior surfaces. A in thick. 


E Bituminous adhesive Mopped hot on exterior sur- 1 mopping, 
compounds. faces. A to j in 

thick. 

Integral methods: 

F Cement-mortar with As a facing on interior sur- \ to 1 in. on 
waterproofing com- faces exposed to mode- floors; j to 

pound rate or great heads of | in. on 

water, also as a stucco on walls, 
exterior walls 

G Carefully graded con- Mixed in the body or mass Throughout, 
crote with water- of the concrete when the con- 

proofing compound, formed crete 

Membrane method: 

II Bituminised fabrics In alternate layers on extc- 2 to 10 lay- 
employed in con- rior surfaces exposed to a ers 

junction with bi- head of water, 
tuminoua adhesive 
compounds. 


Plastic method: 

1 Asphalt mastic. 


As a plaster or coating on | to 1 in 
surfaces exposed to mode- thick, 
rate heads of water 


Membrane and plastic 
method: 

Bituminised fabrics In alternate layers on sur- 2 to 5 lay- 
employed in con- faces exposed to moderate ers of fab- 

junction with as- or great heads of water ric with a 

I limit mastic. total of J 

. to 1 in of 

mastic. 


For damp-proofing new or 
old work above ground, 
also to preserve building 
stone and prevent efflor¬ 
escence 

Feed to replace furring and 
lathing. 

Used for same purposes as 
black damp-proofing paints, 
also to a limited extent on 
outside of walls 

Used on outside of walls 
where conditions arc* not se- 


Used as facings on new 
work or to remedy defec¬ 
tive old work, also as 
stucco on new work. 

Suitable only for new work 
in the course of construe- 


Suitable only for suhgr&Jc 
work in the course of con¬ 
struction. 


Gives the best results o-i 
horizontal surfaces in new 
or old work, difficult to 
apply on vertical surfaces 


Suitable only for new work. 
Capable of withstanding 
\ ibration. 


* Waterproofing is intended to prevent the ingress or egress of water existing under pressure, 
damp-proofing is intended to res.st the iugresa of moisture in places where it cannot accumulate 
under pressure. 


storage plants, refrigerator cars, and ice chests it is customary to use 
two or more layers of the paper with air spaces in between. The 
least expensive and most efficient form of insulation consists in confining 
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TABLE XXXIII.— Coni*nurd. 

METHODS SUITABLE FOB VARIOUS STRUCTURES 




During 

After 



('oust rue- 

Construe- 

Remarks. 



tion (New 




Work) 

Work) 


Rutldtngt 

On inside 

C, 1) 

<\ D 

For damp-proofing walls and replan* 





ing furring and Isthmg 


On outside 

A, H 

A, » 

For damp-proofing and prescrvinj 

Exposed wall* 

On outside 

F 

A 

stone and to prevent efflorescence 
For waterproofing stucco and pre- 





venting cracks 


On outside 

D. K 

D. K 

For damp-proofing where appear- 





an re is immaterial 

Huperstrurtural Moor* fin bath-roon a. 

K. 11, 1 

F, 1 

For preventing seepage or else to 

toilets, lavoratories, stables. garages, 
etc), swimming pools and tan!a 



retain water. 

indoors 





Foundation pits, wells, trenches, fool- 

1 . H 

F 

For resisting external water pressure. 

ings, basement walls ami floors 
Concrete blocks 

A, F 

A 

For damp-proofing and preventing 





cracks. 

Railroad structure* * 

Subways, tunnels, arches. culverts 

F. n, n 

F ] 

For resisting water pressure or pre- 

and retaining walls 



venting seepage, and in certain 




i 

cases to withstand vibration (ex¬ 
cept F). Croat skill required to 

Bridges 


H. 1 . 1 , 

'■ 1 

waterproof aJUr construction. 

Water and etuage aystemi 




Reservoirs 


1 MJ H. 1 

F. I 

For resisting water pressure Msatin 





fl) difficult to instsl when masonry 
once saturated with water 

Danis, conduits, filtering chambers,: 

E. F. (i 

F 

For preventing seepage of wafer or 

aqueducts, sewage disposal a.vstensj 
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a “ dead ” or non-circulating air space between two or more layers of 
insulating paper. 

In practice, the paper is introduced in the floors, walls and parti* 
tions of buildings between protective layers of wooden boards. In 
other cases, the insulation is manufactured in the form of flat sheets 
composed of vegetable or animal fibres (e.g., flax, hair, etc.) sewn or 
otherwise fastened between two layers of bituminized paper, and known 
to the trade as “ flax felt,” “ hair felt,” etc. 

Untreated paper answers poorly for insulating purposes, as it will 
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become affected by the moisture and dampness resulting from the 
condensation which occurs whenever a cool surface comes in contact 
with warmer air carrying a larger percentage of moisture. Under the 
influence of moisture, raw paper soon disintegrates and loses its 
value as an insulator. It is necessary, therefore, to waterproof the raw 
paper- to enable it to satisfactorily resist decay. Asphaltic materials 
and waxes are ordinarily employed for this purpose. 

Raw Paper Stock. A strong paper of open texture should be used 
for manufacturing insulating and sheathing papers. In accordance with 
the paper-makers’ scale the raw stock is designated by a “ number,” 
corresponding to the weight in pounds per ream composed of 500 
sheets, each measuring 2 by 3 ft.; in other words, by the weight in 
pounds of 3000 sq.ft. Raw papers from No. 30 to No. 180 are used, 
composed of one or more of the following classes of fibres, viz.: 

(1) Jute, hemp and manila fibres. 

(2) Chemical wood fibres (sulphite and sulphate fibres). 

(3) Mechanical wood fibres (i.c., ground wood). 

(4) Rag fibres (cotton and wool). 

The first three classes are ordinarily used, and rag fibres in rare 
cases to open up the " texture ” of the sheet, and enable it to 
saturate more readily. 1 Rags serve to increase the “ thickness factor ” 
and correspondingly decrease the “ strength factor" of the paper. 

Jute, hemp and manila fibres impart toughness, strength and permanence to the 
paper. Chemical wood fibres also tend to strengthen the paper, but are not regarded 
with as much favor as the foregoing, since it. is difficult and in some cases impossible 
to remove the last traces of chemicals, which in time are apt to decompose and 
weaken the paper. Chemical wood fibres are divided into two classes, viz.: sul¬ 
phite and sulphate fibres respectively (p. SfiN). The sulphate fibres are present 
in “ kraft" papers, and represent one of the strongest of all fibres. Mechanical 
wood fibres are the first to “ rot ’’ and decrease in strength, and their proportion 
should therefore be kept as low as possible. 

In ascertaining the value of the raw paper for insulating and sheathing pur¬ 
poses, preference should be given to stock carrying the smallest percentage of 
mechanical wood. It is advisable that this should not exceed 25 per cent of the 
total. The balance may consist of jute, hemp, manila and chemical wood fibres in 
varying proportions, or chemical wood fibres alone. A good kraft paper will consist 
of 100 per cent chemical wood (sulphate) fibres. 

The paper should be loose in texture, showing a thickness factor of 0.090 to 
0.125 (p. 569), a strength factor (ascertained by the Mullen tester, p. 390) rang¬ 
ing from 0.35 to 1.00 (averaging about 0.60), and not exceeding 3 per cent ash on 
ignition. The highest strength factors are shown by kraft papers which are some¬ 
times guaranteed to test a pound on the Mullen tester, for each pound in weight on 
the paper-makers’ scale. 

1 The addition of rag fibre* rarely exceed* 25 per ceDt by weight. 
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Bituminous Saturations. For saturating the paper, the bituminous 
composition may consist of the following: 

(1) Dark-colored mixtures similar to those used for saturating 
prepared roofings (p. Bill). 

(2) Light-colored mixtures containing one or more of the following prod¬ 
ucts: paraffine wax, petrolatum, viscous cylinder oils and wax tailings. 

Bituminous Coating Compositions. Dark-colored asphaltic mixtures 
are used, similar to the coatings of prepared roofings Ip. fill'd), with the 
exception that they are usually manufactured harder in consistency and 
of a higher fusing-point. A small percentage of mineral, animal or vege¬ 
table wax (5 to l. r > (XT cent) is sometimes added to impart wax-like 
pro|X‘rties and an “ unctuous " feel. 1 Residual asphalts have also been 
patented for coating purpees 2 

Method of Manufacture. The raw pa|xa' is saturated, coated, or 
both saturated and coated by a machine similar to that used for manu¬ 
facturing prepared roofings (p. ■It'.V). The web is saturated by running it 
through a tank of melted saturating material, usually heated by steam 
to a tem(X‘rature of 22.') to fiat) 0 F. As pa|XT stock is considerably 
denser than roofing felt (the thickness factor amounting to ) to l of the 
latter) it will carry a correspondingly smaller (xTcentage by weight of 
saturation. A well-saturated paper should contain not less than fifi* 
(xt cent of bituminous saturation based on its finished weight. The 
greater the peicentage of saturation present, the more moisture-resistant 
will the pa(X'r lx\ In rare cases the saturated pajx'r will carry as high 
as 50 per cent by weight of bituminous saturation. 

I The coating is applied to the pu|x-r thinner than in the case of pre¬ 
pared roofings. It will range from 10 to 25 lb per HKK) sp.ft. (refer¬ 
ring to the coating on both sides of the sheet), when applied to satu¬ 
rated pa|xTS, with an increase of alxmt 25 per cent for pa|xws which 
are coated but, not saturated. 

Insulating and sheathing pa[x'rs are sold in rolls containing HHIO, 500 and in 
seme cases 250 sq tl There are no standard weights recognized ly the trade, each 
manufacturer following his own views. Papers arc marketed at Hie present lime 
from 20-125 Hi. |x>.r HXX) sq ft., the heavy weights falling on the Ixirdcr-hne between 
papers and “ felts," often containing a pro|x)rtion of rag stock 

Efficiency of the Paper .The efficiency of the finished product is 
dependent upon the following features: 

(1) Weight per unit area. 

(2) Mullen strength at 77° F. 

(3) Resistance to moisture. 

I r S Pat 426,033 of Apr 29. 1880 to II J Bird 
»t. S. Pat 378,520 of Feb. 28, 1888, T J Pearce and M W. Bearduley. 
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It is a peculiar fact that the tensile strength of the pajier will gradually increase 
after manufacture at first rapidly and then more slowly as the paper seasons. Sat¬ 
urated and coated papers are more waterproof, more durable and better insulators 
than the other types. Similarly, a paper which is saturated is more efficient than one 
which is simply coated. The several methods of waterproofing are designed to meet 
the prevailing views of engineers, some preferring one and some another. Sometimes 
the purpose for which the pajier is to l>c employed will predetermine the type used; 
for example, for surfacing sheets of fibrous material (flax-felt, or hair-felt), saturated 
papers only can be employed, since coated pajx*rs would gum up the needle of the 
machine used for sewing the sheets together. 

The moisture-resistant properties of an insulating paper may be ascertained by 
weighing and finding the Mullen strength of a sheet of predetermined area before 
and after immersion in water for forty-eight hours. A square foot of the paper is 
ordinarily employed for this purpose. Well-known brands of paj)er tested by the 
author showed the following results 1 
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Pafx'rs A and II originally weighed almost tin 1 same, but the gam in weight and 
loss in strength are very much less in A, due to the larger jicreentage of asphalt 
carried by the pajier. 

The thicker the paper, the ctronger and more durable it will prove to be How¬ 
ever, from the standpoint of insulation it. is better to use two layers of a thin paper 
with an air space in between, than a single layer of thick paper equal to their 
combined thickness. 

Saturated and Coated Papers for Electrical Insulation. Sometimes 
papers of this construction are used for electrical insulating purposes, as 
for example in constructing automatic telephone switchboards for wrap¬ 
ping wires and cables, etc. The following tests were obtained by the 
author upon subjecting papers of this character to an alternating cur¬ 
rent increased at the rate of 125 volts per minute between Hat disc ter¬ 
minals with rounded edges, the areas of contact measuring exactly 1 sq.in.: 
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ELECTRICAL INSULATING TAPE 

Bituminizod tapes for electrical insulating purposes are prepared 
by passing strips of cotton or muslin through a bath of melted bituminous 
material intended to fill the [Hires of the fabric and provide a slight excess 
on the surface. They are manufactured in widths of }, J, and 1' in. re¬ 
spectively, and wound in 2 to 2-lb. rolls, averaging 1 lb. The length per 
pound varies from 02 to 72 lineal yards for i-in. tape, -it) to 50 yards 
for J-in. tape and 31 to 30 yards for 1-in. tape. The thickness will range 
from 0.015 to 0.025 in., averaging 0.020 in. 

A sheet of cotton cloth weighing from 4 to 6 oz. per square yard 
is passed through a bath of melted bituminous composition, so that an 
excess will adhere to the surfaces (from 0,005 to 0.007 in. to both sides 
of the sheet) and after cooling, is torn into strips of the desired width 
and wound into rolls of predetermined weight. The weight of the prod¬ 
uct should average 1 lb. per square yard, carrying almut 0.33 lb. of 
cotton fabric and 0.07 lb. of bituminous saturation and coating. 

Characteristics of the Bituminous Impregnation. The bituminous 
composition with which the fabric is treated may consist of one or more 
of the following products: 

Pure native asphalts, residual asphalts, blown petroleum asphalts, 
wurtzilite a«phalt and fatty-acid pitch, used either singly or in various 
combinations when of the required consistency; or else if too hard (and 
the same applies also to asphaltiles) fluxed to grade with one or more 
of the following, viz.: soft native asphalt, residual oil, soft residual 
asphalt, soft blown petroleum asphalt, soft fatty-acid pitch, animal and 
vegetable oils and fats, and wool grease. 

It should comply with the following tests. 

(1) The consistency at 77° F. should Is* Mow 70 (Test 9c). 

(2) The susceptibility factor ('Pest 95) should I a* as low as possible, and prefer¬ 
ably under 25. 

(3) The ductility at 77° F. should tie as high as possible, and preferably over 25 
centimeters (Test 105). 

(4) The fusing-point by the K. and 8. method (Test 15a) should be between 
80 and 100° F. 

(5) The volatile matter at 500° F. in four hours (Test 18a) should not exceed 
5.0 per cent. 

(6) It should appear " larky ” and adhesive at room temperature, and retain 
this property as long as possible on exposure to air. A strip of tape hung indoors 
and protected from the direct rays of the sun should show no dimunition in tacki¬ 
ness at the end of two months This is important, for if the tape once dries out, 
it becomes valueless. 
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According to the Navy Department's specifications for insulating tape issued 
July 11, 1910 (No. 17-T-l) the finished product should comply with the following 
requirements: 

The surface must be smooth, the body entirely free from holes, the edges straight 
without ravelling, and the width uniform. When unwinding from the original coil, 
there must be no tendency to leave a thread sticking to the next layer. When 
held before a strong light, there must be no evidence of pin holes. The cotton to 
be well saturated but the compound must not be put on in excess. The separation 
under a pull of 2 lb. j»er inch width applied to a coil rewound on a ]-in. mandrel, 
under a tension of 10 lb. at 75° F. shall not exceed 8 in. per minute. A strip 
exposed to dry heat of 210° F. for sixteen hours shall show a separation of not 

exceeding 3 in. per minute at 75° F. under a tension of 2 oz. per inch width, when 

wound in a coil on a 1-in. mandrel immediately after removal from the source of 
heat. The weight of the compound applied to the fabric shall l>c alxmt 0.05 lb. 

per square yard. The ash on burning shall not exceed 45 j>er cent. The tensile 

strength at 75° F. shall not lie less then 40 lb. jjer inch of width, when performed 
on a rubber testing machine, the initial distance lietween the damps Icing 3 in., 
and the rate of separation 3 in. per minute. The dielectric strength shall not l>c 
less than 1000 volts per millimeter thickness (5 minims). No breakdown shall 
result !>etween two brass balls 2 cm. in diameter, at the specified alternating poten¬ 
tial having an effective value at a frequency of GO cycles, applied continuously for 
five minutes. In making the test the electrodes must be brought close together 
so that the tape will just move lietween them. The tape shall be packed in tissue 
paper or tin foil and enclosed in a tin box, to prevent it from drying out. 


BITUMINIZED WALL BOARD 

Methods of Manufacture. Wall board is used in forming ceilings, 
also partitions between the rooms of dwellings. It is nailed directly to 
the wooden beams and takes the place of lath and plaster. Wall board 
is manufactured by assembling two or more layers of pulp board (manu¬ 
factured from ground wood) or chip board (manufactured from waste 
papers), so as to form a total thickness approximating \ in. The 
individual layers of pulp or chip board measuring 0.025 to 0.060 in. are 
generally cemented together with silicate of soda, but in certain cases 
asphalt is used. The manufacturers contend that asphalt contributes 
to the moisture-resisting properties of the finished board, but this, how¬ 
ever, is a mooted question. When asphalt is used, it is introduced while 
melted between the several layers of pulp or chip board, following sub¬ 
stantially the same procedure as in manufacturing multiple-layered 
roofings (p. 410). 

Each asphalt layer varies from 0.020-0.025 in. thick. Theoretically, an asphalt 
having a specific gravity of 1.00 at 77° F. should weigh 5.20 lb. per 1000 sq.ft, in a 
layer 0.001 in. thick. Actually, however, it will weigh 4.80-4.85 lb., due to the fact 
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(hat a portion of the asphalt soaks into the l>oard on account of its poroaity and 
slight irregularities in its surface. 

Another type of bituminized wall Ixmrd consists of a singlo layer of chip lioard 
measuring about 0.060 in. thick, surfaced on one side with a fairly heavy coating 
of asphalt, in which are embedded wooden lath strips, spaced at intervals. 1 This 
may either be used as a wall board by fastening it with the smooth side outward, 
or if reversed, it may lx 4 used as a plaster lioard, and plaster applied directly, to the 
lath strips. Still another modification consists of wooden lath strips coated with 
asphalt and assembled side by side between two layers of strong paper or chip 
board firmly cemented in plate with aMihalt * 

• r S Pat M8.157 of \<IK 15. 1907 to 0. F Biahoprir 

* U 8 Pat 200,850 of Auf 13, J87H to L) S Arn-atron*. 



CHAPTER XXVI 

SEMI-LIQUID, SEMI-SOLID AND SOLID BITUMINOUS 
COMPOSITIONS 

Adhesive Compounds for Built-up Roofing and Waterproofing Work. 

Tar-pitches and asphaltic products are used for this purpose, similar 
in composition to the surface coatings of sheet roofings (p. 392). Adhe¬ 
sive compounds are employed in three classes of work, viz.: 

(1) For constructing membrane waterproofing? on underground work 
exposed to uniformly moderate temperature conditions, as for example 
tunnels, foundations of buildings, retaining walls, etc. 

(2) For constructing membrane waterproofings on structures above 
ground, exposed to wide fluctuations in temperature and subjected to 
severe vibration, as on bridges, culverts, etc. 

(3) For constructing built-up roofs exposed to extremely wide fluctu¬ 
ations in temperature, and to little or no vibration. 

Each class will be considered separately. 

Adhesive Compounds jor Membrane Waterproofing Underground. 
Since these are exposed to uniformly moderate temperature conditions, 
they are usually prepared of a comparatively low fusing-point. The 
two most important considerations are that they should have a high 
tensile strength and great ductility at 77° F., and it is immaterial whether 
or not they have a low susceptibility factor. 

The proposed tentative specifications for coal-tar pitch recommended by the 
American Society for Testing Materials, (1917) for waterproofing under moderately 
uniform temperature conditions (Type A) are as follows: 

(а) The fusing-point as determined by the cube method in a water bath shall 
be between 120-140° F. In specifying the fusing-point within the above limits, a 
variation of not more than 6° F. in either direction will be permitted. 

(б) The penetration at 77° F. shall not be less than 20 nor more than 120. 

(c) The ductility at 77° F. when a briquette having a minimum section of 1 
sq.cm, is pulled apart at the rate of 5 cros. per minute, shall not be less than 40 
tana. 

(d) The loss of a 20-gram sample on heating five hours at 325° F. shall not 
exceed 9 per cent for pitch having a fusing-point between 120 and 130° F., or 7 
per cent for pitch having a fusing-point Iwtween 130 and 140° F. 

442 
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(e) The specific gravity at 77/77 F. shall fall within the range of 1.24 and 1.34. 
The specific gravity at 140/140° F of the distillate to 071° F. ahull not be less than 
1.06. 

(/) The matter soluble in hot toluol-lienzol shall not be less than 65 or more 
than 85 per cent. 

(g) The ash shall not exceed 1 per cent. 

The promised tentative specifications for asphalt recommended by th'e same 
Society (1917), arc as follows. 

(а) The fusing-point shall l>c lietwoen 100 and 140° F. as determined by the 
ball and ring method in a water bath, and shall l>c specified for one of the following 
classes: 130-140° F.* 115°-130F; 100 115° F. 

(б) The penetration at 77° F shall not Ik* less than 15 nor more than 125, and 
shall bear the following relation to the fusmg-pomt: 

Penetration range of 50 75 for fiiMing-point* lift ween 130-140° F 

Penetration range of 75-100 for fusing-|)ointa Iwtwccn 115-130° F. 

Penetration range of 100-125 for fuMng-points between 100-115° F. 

(c) The ductility at 77° F shall not Ik* less than 30 eras. 

(d) The hjiecifie gravity at 77/77° F, shall not Ik* more than 1.08. 

(r) The solubility in cold carlKui disulphide shall not Ik* less than 95 per cent. 

(/) The loss of a 50-gram sample on heating five hours at 325° F. ahull not 
exceed 1 i»cr cent, and the jionotration of the residue shall not lx? less than 50 jkt 
<• 011 1 of the original penetration. 

(y) The ash shall not exceed 4 per cent 

The specifications issued by the Public Service Commission of I ho State of New 
York for asphaltic adhesive to lie used in subway construction, provides for smaller 
ranges in the test?, viz.: 

(а) Not less than 95 per cent shall Ik*, soluble in cold earlion disulphide. 

(б) At least 98J per cent of the portion soluble in cold carlHin disulphide, shall 
be soluble in cold carbon tetrachloride. 

(c) The flash-point shall not lie 1k*1ow 350° F. when tested in the New York 
State closed tester. 

(d) When 20 grams are heated for five hours at 325° F. in a tin l»ox 2J in. in 
diameter, the loss shall not. exceed 5 per cent by weight, nor shall the penetration 
at 77° F. after such heating !« less than one-half the original penetration. 

(c) The fusing-point by the K. and S. method shall l>c between 115 and 135° F. 

(/) The penetration at 77° F. shall Ik* between 75 and 100. 

(g) The ductility at 77° F shall not Ik* less than 20 cms. 

Adhenive Compound* for Membrane Water proofing above Ground. 
Bituminous materials used under these conditions must necessarily 
withstand wide variations in temperature without softening or Incoming 
brittle. In other words, the material should have a low susceptibility 
factor. This will necessarily exclude tar products, and restrict the 
choice to the following asphaltic compositions: 



444 


ASPHALTS AND ALLIED SUBSTANCES 


(1) Asphaltites fluxed to the desired consistency with residual oil, petroleum 
asphalt or soft residual asphalt. 

(2) Blown petroleum asphalts of the proper consistency. 

No “standard” specifications have at present been proposed for this class of 
work, but in general the adhesive should comply with the following characteristics: 

(а) The penetration. (Test 96) shall range as follows: 

At 115° F. 100-150 

At 77° F. 50-100 

At 32° F. 25-50 

(б) The susceptibility factor shall not exceed 35 (Test 9d)‘ 

(<•) The ductility at 77° F. (Test 10a) shall not be less than 20. 

(d) The fusing-point by the K. and S. method (Test 15a) should l>e between 
125-155° F. 

( e ) The volatile matter at 325° F. for five hours (Test 16a) should be less than 
1 per cent. 

(/) The flash-point (Test 17a) should exceed 450° F. 

(: g ) Solubility in carbon disulphide (Test 21a) to exceed 95 f>er cent. 

( h ) Solubility in 88° naphtha (Test 23) to l>c greater than 80 per cent. 

Adhesive compounds may l>e safely heated to 400° F. when applied to the 
masonry or felt. A typical product of this group is represented by the specimen 
of blown petroleum asphalt derived from Mexican crude oil having a fusing-point 
of 143° F. (K. and S. method), included in Table XXV, facing p. 294. 

Adhesive Compounds for Iiuilt-up Roofing Work. This class may 
either consist of coal-tar or asphaltic products as they are used in 
structures where there is little to no vibration. The same materials 
are adapted for this purpose as for the coating compounds of prepared 
roofings but they are generally prepared of a softer consistency and 
lower fusing-point. The susceptibility factor does not play an impor¬ 
tant role, and the ductility may be considerably less than in the fore¬ 
going class of adhesives. No standard specifications have been pro¬ 
posed for this group of products, but the author’s experience dictates 
the following ranges: 

(а) Penetration at 77° F. (Test 96) to be between 25-75.' 

(б) The consistency at 77° F. (Test 9c) to be between 10 and 25. 

(c) The ductility at 77° F. (Test 10a) to be not less than 10 cms. 

(d) The tensile strength at 77° F. to l>e not less than 2.0. 

(«) The fusing-point of coal-tar products by the cube method (Test 15c) to 
range between 145 and 175° F. 

(f) The fusing-point, of asphaltic products by the ball and ring method (Test 
156) to range between 160 and 190° F. 

1 The following tests have been suggested to insure sufficient pliability at low temperatures, also 
resistance to the heat of the sun: a prism i in.XI in.X3 in. when reduced to 0° F. in a mixture of 
snow and salt must remain pliable, and a 2-in. cube must not flow or become distorted when sub* 
Jeoted to 110° F. for 10 hours. 
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(l/) The volatile rimtler ut .'12 .')" F. in five hours (Test Kid) shall not exeee<! 
1 per rent, am! (lie penelntlinn of the retailin' at 77° F. to la* not. less than 60 per 
cent of the original ixuietration. 

(A) The fhinh-jxhnt (Test !7d) to exceed 350° F. 

(i) The solubility of asphaltic products to exceed 05 per cent in carbon disul¬ 
phide (Teat 21a) and 75 |>er rent in 88° naphtha (Teat 23). The solubility of conl- 
(ar products in hot toluol-lienxol (Test 22) to range lietween 05 and 85 |*>r rent 

Compounds for roofing work are usually applied at temperature of 35tH00“ F 

Pipe-dips and Pipe-sealing Compounds. Pipe Dips. To prolong 
the life of metal pipes, it is sometimes customary to treat them with 
solid bituminous compositions 1 to protect them either inside or outside 
or Iioth. The treatment may consist in simply dipping the pipe in the 
melted compound, a combination of dipping and wrapping with a 
hituminized fabric or burying the entire pipe in a trough filled with 
bituminous matter.* Steel pipes are more susceptible to corrosion than 
east-iron pipes, since the minute partirlcn of graphitic earlion or else the 
molecular structure of the oast iron tends to retard its action. Pipes 
are prone to corrode internally when used for conveying water, includ¬ 
ing water-mains or water-supply pipes. The external corrosion is 
brought about by one or more of the following circumstances: 

(1) Exposure to moist soil conditions. 

(2) Electrolysis induced by stray electric currents. 

(3) Exposure to mineral salts in the soil, as for example the " alkali ” 
normally oeeurring in some of the western States. 

(4) Contact with dilute acid, as for example sulphuric acid occurring 
in the water of coal and other mines, and derived from the sulphur 
present in the minerals (sulphides, sulphates, etc.). 

Cast-iron pipes are rarely protected at the present time, but steel 
pipes arc often coated, and especially when used for the following pur¬ 
poses, viz.: water mains, lines for conveying oil across the continent, 
steel flumes for irrigation or power purposes, compressed-air pipes for 
operating block signals or switches on railways, conduits for transmis¬ 
sion and telephone wires, pijxes for conveying illuminating or natural 
gas, pipes apt to come in contact with acid liquors in mines, etc. 

To fulfil its function satisfactorily, a covering should be: * 

(1) Impervious to air and moisture, and a non-oonductor of electricity. 

1 T.inseed oil tnd bituminous paints, p, 477, alto inorganic matoriata such as alloy!, oxides, 
silicates, and Portlandcement mortar or concrete are also used tor thia purpose. 

>*’Rustless Coating*” by M. P. Wood, 1st Edition, New York, 1904, Chapter XII; “The 
Industrial and Artistic Technology of Paint and Varniah,” by A. H. Sabin, 2d Edition, New York, 
1917, Chapter XVIII: Series of article* by R. R. Harper entitled " The Comparative Value* of 
Various Coatings and Coverings for the Prevention of Soil and Electrolytic Corrosion of Iron 
Pipe," Am. G<u Light J . II. 429. 475, 528, 575, <525 snd W57, 1909. 

»**The Corrosion of Metals," A H. Peiton, Manchester, England, 190?. 
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(2) Of such a character that should the surface be broken through, the covering 
will not accelerate corrosion. 

(3) Not susceptible to being chipped or broken through by any treatment 
which the pipe may receive during its installation or use. 

(4) Durable without Incoming iwrous, brittle or cracking by the action of air 
moisture or light under the conditions to which it is likely to lie exposed. 

(5) Incapable of producing any deterioration in the metal to which it is applied. 

(9) Easy of application. 

(7) Easily renewable, if the surface becomes broken or damaged by accident or 
otherwise. 

The first compound to be used for this purpose was composed of moderately 
hard coal-tar pitch combined with linseed oil.' The pipe to lie treated was brought 
to a temperature of 300° F., and then immersed into a bath of the pitch mixture 
maintained at the same temperature. The pipe upon being removed was kept at 
300° F, and protected from draughts until the coating baked hard and tough. 
Pipes treated in this manner are said to have proven very durable. 

Modem practice is very similar to that followed by .Smith, but when coal-tar 
pitch is used the linseed oil is replaced with creosote od (i e , dead or anthracene od), 
of which small quantities are added from time to time, to maintain the pitch at, the 
proper fusing-point and hardness, since continuous heating would otherwise volatilise 
the light, oils, and gradually harden the coal-tar pitch. Under the most favorable 
conditions, however, coal-tar pitch and creosote oil form a brittle coating which is 
apt to Ire injured and chip or scale oil in time For these reasons asphaltic com¬ 
positions are being used in place of the coal-tar pitch, and generally with better 
results. 

The most satisfactory asphaltic compounds correspond in physical properties 
with the adhesive compounds used for waterproofing railroad bridges (p. 44 :)), 
having a low susceptibility factor, moderately highfusing-point, moderate hardness! 
great toughness, elasticity and adhesive properties. Residual oil is generally used to 
keep the asphalt fluxed to a uniform hardness and fusing-point 

The bituminous mixture is maintained at. about 400° F., in a horizontal or vorti¬ 
cal tank, well insulated to prevent radiation, and heated by coal, oil or producer 
gas. The sections of pipe are first placed in an oven through which is circulated 
a current of air heated to 400° F., then immersed into the bath of molted bituminous 
matter, allowed to drain in a heated chamlier above the tank and finally cooled. The 
finished coating is 0.05-1.10 in. thick, and because of the “ baking " to which it 
has been subjected, its fusing-point becomes a good deal higher than the compound 
originally placed in the tank. 

The great objection to the use of a dipped coaling is the case with which it 
becomes injured on handling during transiHirtation or installation. This objection 
may be overcome by wrapping the pipe spirally after it has been dipped with strips 
of bitumimzed fabric, such as tar- or asphalt-saturated paper, felt or cloth 0.005- 
0.100 m. thick (measuring 10-15 sq.ft, per pound). For wrapping 2-in. pipes, 
8-m. stnps are used; for 4-in. pipes, lG-in. strips; and for 8-in. pipes, 32-in. strips. 

1 he fabric may be fastened to the dipped coating by the agency of thin layer of 
melted bituminous composition, or the cold application of a paint composed of the 
composition dissolved in a volatile solvent. The pipe after bein.; wrapped may 
either be marketed as such or else surfaced with another such coating. Pipes finished 
1 Eo*. P»t, of 1848, No. 12,291, On. 19, to R. Angu, Smith. 
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in this manner are much It'.s susceptible to injury, and will last for many yean 
even when subjected to seven 1 conditions. 


Pipesmliny Compounds. Bituminous compounds have also met with 
considerable success for sealing the joints of metal or earthenware sewer 
and drain pipes. Asphaltic compounds are usually used for this purpose, 
carrying 50 to 65 per cent of finely divided mineral matter, preferably 
silica on account of its resistance to acids and other corrosive agencies. 

The pipes may be assembled underground in a trench or pi|x> gal¬ 
lery, and the bituminous composition melted at a temperature of 350 
to 400° F. poured into the joints, which should first be well caulked 
to hold the compound in place. Sometimes two or more sections of the 
pipe are joined together above ground, while they are maintained in a 
vertical position, and when the compound cools they are-coupled to 
additional lengths liclow ground. This will save time, since it is easier 
to form the joints while in a vertical jxisition, than when laid horizon¬ 
tally. 


TV following specifications apply to a well-known pipe-seal compound on the 
market: 


(Teat 7) Specific *ra\ ity at 77° F . 

(Tout Or) C’«*u8i»tenr\ at 77° K 
(Teat l()f>) lhirtilitv at 77° F 
(Tost 11) Tensile strength at 77° F 
(Teat 15a) Fusiiut-point (K and S method) 

('I eat 1 (hi) Volatile matter at 500° F in I l.;a 


1 50 to 1 75 
10 to 15 

Greater than 1 0 
Greater than 10 0 
IHft 200® F. 

I eaa than 1.6% 


The principal considerations are that the compound should |>o-uess a high fusing- 
point so as not to soften in warm weather or on coming in contact with hot water 
flowing through the pipe; it should V sufficiently ductile to permit the pipe settling 
in sections without the joints breaking open; and it should have great adherence 
and tensile strength to enable the line to expand or contract without tearing away 
the compound from the pipe. 

The advantage in using bituminous compounds for sealing joints is because they 
will penmt the pipe to settle, as it is very apt to do in a freshly filled trench, without 
danger of the joints opening. In addition, they prevent the roots of trees or shrubs 
working their way into the joints, and congesting the inside of the pipe line. Other 
materials used for this purpose, such as cement mortar, sulphur, etc,, possess these 
defects. 


Electrical Insulating Compounds. Bituminous compounds adapt 
themselves very well for electrical insulating purposes, on account of 
their high breakdown voltage, resistance to moisture, acids, alkalies and 
changes in temperature, also l>ccause they are in most cases capable 
of withstanding exposure to the weather. 

A review of the patent literature reveals thousands of patents in 
the electrical industry involving the use of bituminous materials and for 
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hundreds of different purposes. The scope of this book will permit a 
brief survey of but the most important principles involved. 

Semi-solid to solid bituminous compounds capable of melting under 
the action of heat are combined in many ways, often with the addition 
of other substances, including resins; rubber; animal and vegetable oils 
and fats; animal, vegetable and mineral waxes; mineral fillers; sulphur, 
etc. The electrical resistance of bituminous compounds varies from 200 
to 1200 volts per mil, ascertained by subjecting a specimen at 77° 
F. between two spherical terminals, 2 ems. in diameter, to an alternat¬ 
ing current of 60 cycles, the voltage lioing increased at the uniform speed 
of 600 volts per minute, until a break-down occurs. 

The following figures show the volume resistivity of solid bituminous and other 
dielectrics, expressed in ohm-centimeters, in the order of decreasing values: 1 


Special paraffine . . . 

. Over 500 X10'* 

Orcein . 

.Over 500X10" 

Hard rubber. 

. 100X10'* 

Asphalt (medium hard) . 

50X10'* 

Sulphur . 

. . 100X10'* 

Rosin . 


Chlorinated wax (" halowax "). 

. 20X10'* 

Shellac. 

. 10X10'* 

Class. 

. 8X10'* 

Yellow wax. . .... ... 

. 2X10'* 

Mica (brown African clear). 

2X10'' 

Cmilared porcelain . 

. . 3 X10' 4 

Tetrachlornaphthaiene. 

. 50 X10' ? 

Mica (India ruby stained). 

.. . 50X101* 

Paraffined mahogany. 

. . 40X10‘* 

Italian marble . 

. 100X10* 

White celluloid . 

20 X10* 

Slate . 

100X10* 

Insulation for Cotton-corned Transmission Wires. The cotton cov- 


ering is either saturated with a bituminous mixture, or both saturated 
and coated therewith. The saturation is similar to that used for im¬ 
pregnating prepared roofings (p. 391). Asphaltic products of a harder 
consistency, corresponding to the weather-coatings of prepared roofings, 
are employed for coating cotton-covered wires exposed out-of-doors, such 
as electric light wires. Wax-like properties are often imparted to the 
coating by incorporating a small percentage of animal, mineral or vege¬ 
table wax. Rubber is scarcely ever used as an ingredient of out-of-door 
mixtures because of its inferior weather-resisting properties, but it may 
be used to good advantage for covering cotton-covered wires indoors, 
in which event the bituminous matter should properly be regarded as an 
adulterant of the rubber. If the bituminous matter is not present to 

•Scientific Paper No. 234 of the Bureau of Standards, Wash., D. C„ 1915, *' Inaulative Proper- 
tie* of Solid Dielectric*,’' by 11. I.. Curti* 
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excess, the mixture will largely retain the physical properties of rubber, 
and may be vulcanized by incorporating a small percentage of sulphur. 

Bare copper wires may be insulated with certain varieties of fatty-acid pitch, 
which are transformed into an insoluble and infusible coating by heating to a high 
temperature (p. 332). 

Vacuum Impregnating Compounds. These are used for insulating 
the field and armature windings of motors and dynamos, also magnet 
anti transformer coils. The copper wire loops are wound with muslin, 
or in some eases with asbestos, and then impregnated with a melted 
bituminous or oleo-rcsinous composition. The former only falls within 
the scope of this treatise, and includes asphaltic products composed sub¬ 
stantially of the same materials, and having approximately the same 
physical properties as the surface coatings of prepared roofings (p. 1192). 
The following characteristics are of importance: 

(1) The mixture should melt to a liquid having the lowest possible viscosity 
(Test. So) at the temperature at which it is maintained while impregnating the roils. 
Since the purpose of the compound is to penetrate the muslin wrapping of the wire, 
it follows that the more liquid the incited compound, the more thoroughly it will 
fulfil this function. 

(2) The softer the compound for the prosrritod fusing-jsiint, the less it is apt to 
crack in servne, especially as the revolving armature of a motor or dynamo is sub¬ 
jected to the most citrcme conditions in regard to vibration. Should the compound 
crack or powder, its msulative value will lie nullified, mid the machine will become 
short-circuited and put out of commission The mixture should preferably have n 
penetration of 75 to 125 at 77° F. (Test 95). Its susceptibility factor should also 
lie as low as possible, and under no circumstances in excess of 25 (Test 95). 

(3) The ductility at 77° F. should lie as high as possible, and preferably greater 
than 5 (Test 10). 

(4) The fusing-point by the K. nnd S mcthixl (Test 15n) should exceed ISO” I''. 
This will insure the compound remaining in place when the machine heals up in 
service. 

(5) The volatile, matter should not exceed 2 per cent at 500° F. in four hours 
(Test Itki). 

(0) The solubility in carton disulphide (Test. 21a) should exceed 99 |ier cent. 
Mineral or carbonaceous matters will interfere with the penetrating properties of the 
comiiound. 

Residual oil is ordinarily used to flux the compound to its original consistency, 
if the hardness or fusing-point increases while maintained in the liquid condition. 

The apparatus consists of two steam-heated, air-tight iron tanks, one for carry¬ 
ing the coils to be treated, and the other for storing the melted compound, as 
illustrated in Fig. 149. The coils are placed in the impregnating chamber, the heat 
turned on and the air exhausted by the pump within j-2 in. of the barometer, 
which draws out all the moisture. In the meantime the compound is melted in 
the steam-heated liquor tank at 300° F., whereupon it is allowed to enter the vacuum 
■hamber and subjected to a pressure of 90 lb. per square inch which foroea it 
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throughout all parta of the coil. It is maintained under compression for one or 
more hours, when the valve between the tanks is opened, the compound forced back 
into the liquor tank, and the excess allowed to drain from the coils upon being 
subjected to a dry heat for half an hour, which also completes the saturation. It 
Is claimed that coils treated by this process give better service than those insulated 
by varnish (see p. 478), and moreover, since they become practically solid, there is 
uo danger of the wires slipping. The total cost of treatment is leas than when 
varnishes are used, but to offset this, the equipment is more expensive. The units 
are made with impregnating and compound storage tanks measuring 108 in. diam¬ 
eter by 240 in. high as a maximum. 

Transformer and magnet, coils may be treated in the same manner, and tests 
made in the author’s laboratory demonstrate that tightly wound coils several inches 



Courtesy of J. P. Doune Co. 

Fici. 149.—Vacuum Impregnating Apparatus. 


thick, composed of high gauge wire may lie thoroughly impregnated. Bituminous 
compounds should only be used for air-cooled transformer coils, as they will Income 
softened and dissolved in oil-immersion transformers. The method is now firing 
used almost universally in large plants. 

Wooden pipes for conveying liquids, wooden storage battery 1 Mixes, cotton I Milt¬ 
ing, etc., may be impregnated with bituminous compositions in an apparatus of 
this type. 

Junction-box and Pot-head Compounds. Those are used for filling 
the metal receptacles in underground electrical transmission lines, where 
feeders branch off from the main wires. The connections are usually 
made inside of a metal box known as a “ junction box ” or “ pot-head.” 
Asphaltic compounds fusing in the neighborhood of 200° F. (K. and S. 
method, Test 15a) are melted and poured into the receptacle to her- 
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mctically seal the wires after the junction or eonneetion has been 
effected. 

Battery-box Compounds. These are used for sealing “ dry " batter¬ 
ies. After the zinc container is tilled with chemicals in paste form, and 
the rod of carton introduced, the top is hermetically sealed with the 
“ battery-box compound.” This consists of moderately hard coal-tar 
pitch (fusing at 160 to 170° F. by the cube method, Test 15c) combined 
with atout an equal weight of siliceous .filler. 

“ Carbons ” for Batteries, Electric I.itjlds and Armature Brushes. 
“Carbons” for the electrical industry are formed by heating a mixture 
of powdered coke and hard coal-tar pitch (fusing above 2tX)° F. by the 
cube method. Test l.V), in a closed metal mould. Upon subjecting this 
mixture to a red heat, the coal-tar pitch eartonizes, and consolidates 
the particles of coke-carbon. Armature cartons are often mixed with a 
proportion of graphite to reduce their friction against the rapidly revolv¬ 
ing armature; and electric light cartons with a proportion of mineral 
constituents (usually less than 20 per cent) including the rare earth 
oxides, silicates, fluorides, torates, etc., to increase the luminosity or 
modify the color of the electric are. 

Bituminous Rubber Substitutes. On account, of the high price of 
pure rubtor, it is often adulterated with fusible materials derived from 
the animal, vegetable or mineral kingdoms. Resins, animal or vege¬ 
table oils and fats, animal and vegetable waxes have tocn used largely 
for this purpose. Bituminous compounds have also found u ready use, 
including the following groups: 

(1) Ozokerite and paraffine wax. 

(2) Hard native asphalts. 

(3) Asphaltites cither used alone or fluxed. 

(4) Blown petroleum asphalt. 

(5) Wurtzilitc asphalt. 

(6) Rosin pitch. 

(7) Fatty-acid pitches. 

(8) Special products including chlorinated naphthalene, etc. 

The bituminous materials are regarded mainly as “ extender!;,” dilu¬ 
ents or eheapeners, although in some cases they are purposely used to 
soften the rubtor, and in others to increase its weather-resisting proper¬ 
ties. These substitutes, known as “ mineral rubtor ” or “ factis ” are 
incorporated with the raw rubtor on the masticating rollers (consisting 
of heavy steel rollers revolving at unequal speeds, capable of being 
heated by steam or cooled with water). One method consists in first 



452 


ASPHALTS AND ALLIED SUBSTANCES 


combining the substitute with reclaimed rubber and mineral Silers on 
the rolls. The raw rubber is then masticated a short time, whereupon 
the bituminous mixture, still warm from the masticating process, is 
gradually worked in, small quantities at a time, and the composition 
finally vulcanized in the usual manner. 

The most satisfactory bituminous materials for this purpose include: 

(1) Products which of themselves possess “ rubber-like ” properties (including a 
certain degree of toughness, resilience, tenacity and ductility), as for example 
gilscmite combinations, wurtzilite asphalt, blown petroleum asphalts, and certain 
ol the faMy-arid pitches. 

(2) Bituminous substances which are capable of being hardened and toughened 
by the sulphur used in the vulcanization process. To this class belong the gilsonitc 
combinations, wurtzilite asphalt and fatty-acid pitches. 

p l 11 " wo ! l ' kn , own ’ nnd of,m quoted ex|ieriment by Hcinzerling and 

1 ah the use of certain bituminous materials actually improves the elasticity and 
msulative properties of the rubber when added in small percentages, although at 
best they tend to decrease the tensile strength. 

The harder waxes and bituminous materials are used in mixtures of hard rubber 
boniteL and the softer waxes and bituminous materials in soft rubber coinposi- 
hXo T 1 ° fT" pr0lluct iS ■ )ar " a,lv vulcanized with sulphur 
lurthor ,r,"itZt" n ° rUl,,X,r ' C8peci “ Uy when soft be used without 

Mouldmg Compositions. Mixtures for Small Moulded Articles. For¬ 
merly shellac was extensively employed for manufacturing small moulded 
articles used for electrical fittings, push-buttons, knobs, handles etc 
but this is being substituted by asphalts and asphaltites owing to its 
scarcity and correspondingly high price. 

Such mixtures are composed of three classes of materials, viz.: 

11! vT' " l * ,l . VC aSpha,ts ’ asphaltites, or wurtzilite asphalt. 

. , i , rubber or rosino » s substances, including rosin (used alone or 

in almal ’pmnortlonf v/'T’ “**, °L”" C - “■H* etc >' (sometimes added 
tv mZ TT’ M I'" 1 < ' opa1 ' Conpi ™' ,a1 ’ Kauri «’pal, damar, etc. 

(•!) 1-tilers which may be com,xwed of finely divided mineral matter such as 
ca cium cin'Kiaato taic, sihea, infusorial earth, clay, slate, curium ck, " cium 
Ipiae nr terra alba, barium sulphate nr blanc fixe, etc, fibrous mineral matto” 
wmll 1 fib^mper 1 ''ffl- W<K ’' If* WOO,) ' ^ ° r W,r,IIJS vegetable matter such as 

Jszzzsxzr"* ■* “ ■" "• ■“ -— 

They should 1* sufficiently hard to withstand deformation under pressure, Td 

■ innate of the Society l„, th , Advancement ot Induetrial Science, Berlin, 189i-2. 
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fuse sufficiently high not to soften in the sun or any heat to which they may lie 
subjected in use. 

The asphalts and asphaltites used should accordingly have a fusing-point not 
lower than 190° F., a penetration at 77° K. (Test ft<) of not exceeding 5, and a tensile 
strength of 77° F. of not less than 10 (Test 11). The function of the resinous matter 
Is to enable the bituminous constituents to melt up freely, and imparl gloss to the 
finished product. The powdered mineral matter hardens and toughens -the mass, 
increasing its tensile strength and making it less suKeptiblc to deformation under 
pressure. The fibrous matter binds the mass together and enables it to stand 
sharp blows without fracturing. 

The constituents are combined by melting together the bituminous and resinous 
bodies, and then stirring in the powdered u ineral matter with or without the 
fibres. When the n ixture is uniform and while still warm and plastic, it is moulded 
in a suitable die and maintained under pressure while cooling. Most compositions 
of this character are naturally dark in color, due to the bituminous matter present 
and they are often darkened .still further by adding a small proportion of black 
pigment, such as lamp-black or carbon-black. In other cases, the mass may be 
colored deep shades of red, brown or green by incorporating an intense pigment of 
the corresponding color. Light colored mixtures, however, are not obtainable. 

Pre-formcd Jointi and Wather*. A bituminous product has recently met with 
considerable success in glazing and sky-light construction, 1 consisting of u» asphaltic 
cushion enveloped in sheets of asljestos, 
in which the panes of glass are mounted 
and securely bolted together, as shown in 
Fig. 150. 

A represents a steel T-lieam, protected 
with galvanizing or other rust-proofing. 

The condensation-gutter is composed of 
sheet steel joined to a waterproof asliestos 
envelope by an asphaltic composition (p. 

40ft). The asphaltic cushion and cap-filler 
E are encased in waterproofed asliestos, and 
forced together in between the two sheets 
of glass, forming a pliable, resilient, water¬ 
tight hut firm joint, which prevents the 
glass from lieing subjected to injurious 
strains. The upper cushion is reinforced 
with a cap of asbestos-protected steel, and fastened with the bolt and nut. 

The cushions B and E are composed of a fluxed asphaltite or a blown petroleum 
asphalt of high fusing-point (in the ncighlwrhood of 250° F.), low susceptibility 
factor (under 20) and absence of brittleness (hardness at 77° F. less than 20- 
Test 9c), mixed with 10-15 per cent of fibrous asbestos, which binds it together in 
a tough and non-breakabie mass. These strips are further protected by being joined 
to an enveloping sheet of asbestos felt, waterproofed with a vegetable drying oil 
or bituminous saturant, similar to that used in manufacturing prepared roofing 
(p. 391). 

BituminaUd Cork Mixture a. In Kurope, sheets have been prepared for insulat- 



Courteay o( Aalxato* Protected Metal Co 

Fio. 150.—Preformed Washers for Sky¬ 
lights. 


>U. S. Pats. 1,227,861 of May 29, 1917 and 1,243,020 of Oct. 16, 1917 to W. P. Waugh. 
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Mg refrigerator plants, ice-chests, cold brine and ammonia pipes,' composed of 45 to 
SO parts by weight of finely powdered cork and 100 parts of bituminous binder. 

The composition is prepared in a steam-heated mixing machine similar to that 

described on p. 351. The binder may consist of asphalt, coal-tar pitch or an aque¬ 
ous emulsion of soft coal-tar pitch with collodial clay. The mixture is pressed into 
various forms, such as plates, slabs or hemi-cylindrical sections suitable for covering 
pipes. .It has a specific gravity between 0.25 and 0.40 and forms a good insulator 
against beat and cold. 

Bituininated cork compositions are also used extensively in the United States 
under the name of “shoe fillers ” for filling the insoles of shoes, and composed of a 
mixture of coarsely ground cork, with wax tailings, residual asphalts, or an emulsion 
of asphalt with glutinous substances. 2 

The mixture is trowelled between the inner and outer soles of shoes while hot 
and plastic, and allowed to set by cooling. It serves to insulate the bottom of the 
foot, and incidentally to replace the more expensive leather. 

Bitumimted Leather Mixtures. Shredded leather waste and asphalt have also 
been combined in various ways 3 and proposed for various purposes, as for example 
covering floors, but these have only found a limited use owing to the high price of 
leather. 

Briquette Binders. Coal-tar pitch is most generally used for briquetting coal- 
dust or coke-breeze. The coal or coke powder is mixed with approximately 6-8 per 
cent of coal-tar pitch. Two methods are in vogue, one in which the powder is 
mixed with a moderately soft pitch, added in the melted state, and the other, in 
which it is mixed cold with pulverized hard pitch. In either ease, the briquettes 
are formed at high compression under the influence of heat. 4 The soft coal-tar 
pitches have a fusing-point between 140 and 170° F. (cube method) and the 
hard pitches between 200 and 225° F. (cube method). 5 

Core Com {founds. Coal-tar pitch is used similarly as a binder for the sand cores 
in forming iron and steel castings. A powdered hard pitch, fusing at 225-260° F. 
{cube method) is mixed with the sand and then compressed under the influence 
of heat, to form the cores. 

Miscellaneous Bituminous Products. Bituminous Fuels. The non-asphaltic 
pyrobilumens constitute the principal source of solid fuels for combustion on a 
grate. Liquid bituminous fuels are also used as “fuel oil,” including crude petro¬ 
leums, petroleum residues, by-product tars, and distillates of little commercial value 
produced in refining petroleum and tar. These are atomized under the Ixiiler with 
a steam jet. The tar distillates have a 1 so been successfully used in engines of the 
Diesel type in this country and abroad. A detailed description of the technology 
of fuels does not, however, fall within the scope of this treatise. 

«U. 8. Pat 979,310 of Dec 20, 1910 to W. C Kammerer. German Pate. 68,532 of 1891; 
122,803 of Hept. 29, 1900, 128,231 of 1902; Kohler A Graefe. Loc ext, p. 368. 

* U. S Pata. 391,265 of Au*. 25, 1891 to 8 H Howland; 808,224 and 808,227 of Dec. 26, 1905 
to W. B. Arnold; 832,002 of Sept. 25, 1906 ; 855,868 of June 4, 1907; 861,555 of July 30, 1907, 
945.204 of Jan. 4, 1910; 1.032,312 of July 9. 1912, 1,036,031 of Aug 27, 1912; 1,115,988 of Nov. 

3, 1914; 1,118,161 of Nov 24, 1914; 1,121,054 of Dec. 15, 1914; 1 121,688 of Dec. 22, 1914, 
1,121,689 of Dec. 22, 1914; 1,134,931 of Apr. 6, 1915; 1,137,679 of Apr. 27. 1915 and 1,227,502 
of May 22, 1917, all to Andrew Thoma; 1,258,272 of Mar 5, 1918 to H. 8. Tirrell. 

*Oer. Pata 293,871 of Sept. 1. 1914 and 294,050 of Feb 13, 1016, both to W. Reiner. 

* Rudolf Terhaerat, J. Gaabel, II, 300, 1915. 

* “Binden for Coal BriQuettee," by J. E. Mills, Bull. 24, Bureau of Mines, Waeh., D. C. 1911, 
atao '• Fuel-Briquetting Investigation*, July, 1904 to July, 1912,” by C. L. Wright, Bull. 58, Bureau 
of MUm, Washington, D. C., 1913, 
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Tars and Oils fur the Flotation of Ores. During the last few 
years, the flotation process has become an important factor in the 
concentration of certain minerals, including sulphides of copper, lead, 
ainc, silver, iron and other metals, also pure gold, gold telluride, native 
silver and native copper. The best results are obtained with sulphide 
ores. Oxide ores are not amenable to it unless they are first converted 
into the sulphide superficially, by a preliminary treatment with sodium 
sulphide. 

In carrying out the process, the ore is reduced to a fine powder, 
50-raesh material being usually the limit of coarseness. This is then 
beaten into a froth or foam with water and a so-called “ flotation oil,” 
which causes the heavier ore-mineral to rise to the surface, forming a 
pulp with the froth, and the lighter gangue-mineral to settle out. The 
flotation process has accordingly been aptly termed “ concentration 
upside down.” The “ pulp ” when it becomes thoroughly charged with 
ore is drawn off, and allowed to subside <|uietly, whereupon the " con¬ 
centrate ” will settle out and the 11 flotation oil ” decanted from the 
surface and used over again. The gangue upon being freed from the 
ore, is run to the dump, and the concentrate is smelted in the usual manner. 

The flotation oils may 1* classified as “ frot hers ” and “ collectors,” 
the former being largely responsible for the formation of the froth, and 
the latter for holding the particles of ore in stis|)ension. The “ frothers" 
or “ frothing oils ” include commercial pine-oil (obtained from a destruc¬ 
tive distillation of coniferous woods, p. 100), crude hardwood tar or 
“pyroligneous acid” or “wood oil" obtained in the destructive dis¬ 
tillation of maple, birch, beech, etc. (p. 1K’>), tur|>ontino, various “essen¬ 
tial oils ” (p. 37), coal-tar creosote, carbolic or “ middle oil," (p. 248), 
etc. The “ collectors ” or “ collecting oils ” include crude petroleum, 
liquid residual oil (p. 283), heavy mineral oil distillates (p. 208), 
coke-oven tar (p. 233), water-gas tar (p. 25(1), etc. The frothing and 
collecting oils are mixed together in pro|«irtions de|x-nding upon the 
character, composition and nature of the ore to lie treated. For a very 
“ slimy ” ore consisting of fine particles, a larger amount of collecting 
oil will be required, whereas for granular ores a higher proportion of 
frothing oil will be needed. A flotation oil extensively used consists 
of 95 per cent crude coal tar and 5 per cent of pine oil. Another mixture 
which is claimed to give good results contains: pine oil 10 per cent, coal- 
tar creosote 80 per cent, and coal tar 10 per cent. Others have suggested 
the use of: hardwood creosote 40 per gent, coal-tar cresote 50 per cent., 
and coal tar 10 per cent. 1 The quantity of flotation oil varies from a 

i It. K Gilmore and C S. Parson*, J. Soc, t'hrm I ml , IT, 07-A, 1018. 
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fraction of a per cent to 3'} per cent by weight of the mineral treated. 

The basic U. S. patent on the dotation process calls for less than 1 per 
cent by weight of oil. The addition of such chemicals as caustic soda, 
and in some cases sulphuric acid or other agents, seems to increase-the 
efficiency of the flotation oil and to decrease the time of treatment. 

Thu frotiicr systems may l>e classified into the mechanical, pneu¬ 
matic and vacuum. In the mechanical process air is beaten into the 
mass; in the pneumatic method bubbles of compressed air or other 
gas are blown into the mixture; in the vacuum system the water is 
first charged with gas at atmospheric pressure and bubbles released by 
subjecting the mixture to reduced pressure. Mechanical froths are 
more permanent, than those produced by pneumatic means, but the 
former effect a cleaner separation of course mineral particles, whereas 
the latter are better adapted for slimes. Increasing the quantity of air- 
Imbhles in the pulp, permits using less “ flotation oil," also a more 
viscous oil, derived for example from gas-works coal tar. 

In general, the following considerations should be carefully observed:' 

fl) The pulp should be made as thiek as possible. 

(2) The pro|Mirtion of frothing oil to collecting oil should be carefully worked 
out. The more dilute the pulp or the finer the mineral particles the larger the 
projMirtion of frothing oil will be required 

fH) The greater the aeration, the smaller the proportion of oil necessary. 

Wood Preserrutim. The method of preserving wood for structural 
and other purposes is similar to that already described for impregnating 
wooden paving blocks. Coal-tar creosote is most largely used, but zinc 
chloride is often employed, especially when the wood is to be subjected 
to moderately dry conditions. The method of impregnation is similar 
to that involving the use of creosote. 

In 1015, the total output in the I’nited States from 102 plants included the 
following: 

Cross-ties (or railroads. 37,085,585 pieces 

Piles. 9,308,41!* linear ft. 

Poles. 125.939 pieces 

Paving blocks. 2,930,370 sq yds 

Construction timber. 142,009,041 board ft. 

Cross-arms . 146,219 pieces 

Miscellaneous lumber . 13,937,509 board ft. 

Total equivalent to. 141.858.963 cu ft. 

'"Bibliography of Recent Literature of Flotation of Ores," Bulletin 135, Bureau of Mines, 
Washington, D. C, 1917; "Answers to Questions on the Flotation of Ores,” by O. C Ralston, 
Tech. Paper 149, Bureau of Mines, Washington, D. C, 1917 
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The total preservatives consumed for the foregoing included: 

Creofotf ... 80,859.442 gal. 

Zinc chloride . . ... 33,269,1104 lb* 

Miscellaneous . . 1,693,544 gal. 

The following pounds of creosote are ordinarily used |>er cubic foot of wood: 

Pll« 

Salt water .... 16 24 K'a 

Fresh water . . . lit 16 " 

(irmiixl .... .. 8-12 ” 

llailwm tics . 3 12 " 

Misietlancous timber 8 Ifi “ 

When zinc chloride is used, J J lb |>er cubic foot is injected into the wood. 
There is a difference of opinion regarding the relative efficiencies of creosote and 
zinc chloride, but I In- former is less e\|>ensive, and also enables the wood to Ik* 
used when subjected to moist lire 

Waterproofing Compounds for Portland-cement Mortar and Con¬ 
crete. Tin* incthixl of inoorporatiii^ various substances with Porttnnd- 
cement mortal' or concrete in the course of their preparation is known 
as the “ integral ” system, according to which the waterproofing 
medium is mixed throughout the Port land-cement mortar or mass con¬ 
crete. This term does not include the application of paints or other 
coatings to the uurftm of mortar or concrete after it has set. 

Innumerable materials have been exploited for the integral water¬ 
proofing of Portland-cement mortar and concrete including: 1 

( I) Inert fillers such as finely divided clay, infusorial earth, fuller's 
earth, silica, talc, etc. 

(2) Active mineral fillers such as hydrated lime, aluminium hydrox¬ 
ide and other inorganic hydroxides, which undergo a chemical change 
during the setting of the cement. 

(,'i) Water-soluble mineral salts, such as calcium chloride, sodium 
silicate, sodium fluorosilieate. 

(4) Soap compounds including, (n) soluble soaps composed of sodium, 
potassium and ammonium combinations of animal or vegetable oils and 
fats, also resins; (b) insoluble soaps composed of calcium, magnesium, 
aluminium, iron, zinc, lead and other metals combined with animal or 
vegetable fats and oils, or resins. 

(5) Bituminous materials. Wo are concerned with this last group 
only, as falling within the scope of this treatise. The bituminous mate- 

•"Teat* of Damp-proofing and Waterproofing Compounda and Material*," by H J Win and 
P. H. Bate*. Technologic Paper No 3, Bureau of'Standard*, Wa*h , I). C , Aug 22. 1911, " Electro¬ 
lytic Corroaion of Iron in Soils," by Burton McCiiIluni and K H Logan, Technologic Paper 
No. 25. Bureau of Standard*. Waah . D C. June 12, 1913: "Modern Method* of Waterproofing," 
bv M. H Lewis, Lor ctl , "Durability of Stucco and Piaster Construction," by R. J. Wig and 
J. C. Pearson, Technologic Paper No. 70, Bureau of Standard*, Wash., D. C , Jan. 3b 1917. 
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rials may be divided into two classes, namely, those used in the pure 
state, and those used in an emulsified form. 

Pure Bituminous Materials. Two classes of bituminous substances 
are included in this group, namely, liquid to semi-liquid coal-tar pitch 
(i.e., evaporated coal tar'} and liquid asphalt. The latter may consist 
of native asphalt, 2 residual oil, 3 semi-liquid sludge asphalt, 4 etc. These 
are mixed with the aggregate after first wetting down the cement and 
sand in preparing Portland-cement mortar; or the cement, sand, gravel 
or broken stone in preparing concrete. Between 10 and 25 per cent 
of soft coal-tar pitch or asphalt are added, based on the weight of the 
dry cement used. As the pure bituminous compounds are naturally 
water-repellent, it requires considerable mixing to distribute them 
uniformly throughout the mortar or concrete, and especially in large- 
sized batches. In this connection, the author wishes to lay particular 
emphasis on the fact that laixiratory tests should under no circumstances 
be taken as a criterion of the ease or thoroughness with which bituminous 
substances may be disseminated throughout the mixture. At low temper¬ 
atures, both soft coal-tar pitch and liquid asphalt become almost solid, 
and under these circumstances it becomes doubly difficult to incorporate 
them. It has also been dearly shown that the introduction of residual 
oil alone materially decreases the tensile and compressive strength of 
mortar and concrete. ’ Assuming, however, that with sufficient effort 
the mixture can be made uniform, there is no question that the 
resultant mortar or concrete is improved materially in its water- 
repellent properties/’ 

Bituminous Materials in Emulsified Form. Bituminous emulsions 
tend to overcome the foregoing disadvantages, as they are readily 
miscible with the water used for gauging the sand, cement and crushed 
stone. Instead of depending upon mechanical means for incorporating 
the pure bituminous materials with the aggregate, such as the grinding 
action to which it may be subjected during the process of mixing, 
bituminous emulsions are first brought into suspension by stirring them 

' "T»r and Cement Pevement," hy R C.rimshaw, Mtm Bno . 41. 11, 1912. 

1 Eng. Pet. No. 30,091 of Dee. 28. 1910, to J. Krumpslnmn. who treats an asphaltic shale com¬ 
posed of liquid asphalt carrying calcium carbonate and clay with hydrochloric acid to separate the 
former, and then dnei the resulting powder. 

• Swisa Pat 44,284 of Dec. 28, 1907, also Austrian Pat. 33,262 of June 10, 1908, both to Dr. 
Gottfried Sehruf; U. 8. Pat. 1,000,545 of Aug. 15, 1911 to L. W. Page. 

* U. 8. Pat. 1,077.689 of Nov. 4, 1913 to Carleton Ellis, who describe* the use of sludge asphalt 
neutralised with lime and mixed with fuller s earth or the like. 

* “ Some Experiments with Mortars and Concrete with Asphaltic Oils,” by Arthur Taylor and 
Thomas Sanborn. Proe. Am. Soc. Ctnl Eng., It, 355, 1013. 

• ‘Oil-Mixed Portland Cement Concrete." by L. W. Page, Bull No. 46, Office of Public Roeda, 
Waeh., D. C., Aug. 8, 1912; Bull. No. 230, Office of Public Roada, U. S. Dept, of Agr, Waeh H 
D. C., July 14, 1915. 
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into the gauging water, which then mixes readily with the aggregate, 
requiring little to no effort, even at low temperatures. 

The efficiency of the bituminous emulsion depends largely upon two 
factors, vis.: (1) the proportion of bituminous matter carried by the 
emulsion, and (2) whether or not its addition will interfere with the 
tensile or compressive strength of the cement mixture when set. 

Three classes of emulsifying agents are in use, including plastic clay, a mixture 
of sodium silicate with barium peroxide, and inorganic hydroxides. These will be 
considered separately. 

(1J Plastic clay is used either for emulsifying coal tar or soft ooal-tar pitch, 1 
also non-volatile liquid to semi-liquid asphalt, which may either be native or 
derived from petroleum.* Clay is first made into a paste with water, and then 
mixed with the asphalt either in the cold or heated state. Forty parts of dry clay 
will combine with 10 parts of the asphalt, requiring approximately .50 parts of water 
to convert it into an emulsified state. The finished mixture will accordingly carry 
but 10 per cent by weight of the active waterproofing constituent, namely the 
asphalt, the clay merely acting as an inert filler. 

(2) Emulsions prepared from a cut-back coal-tar pitch of soft, consistency com¬ 
bined with sodium carbonate, sodium silicate and barium peroxide.’ These are 


formed in the following manner: 

Coal tar pitch .10.15% 

Cut-back with heavy coal-tar oils . 48 50% 

Mixed with calcined sodium carbonate. 1 05% 

Water added . 4 05% 

Sodium silicate (30° Baumf'). .. . 27 50% 

Finally add to the mixture: barium peroxide. 1 85% 


Total.100 00% 


This mixture contains a large per cent of the active waterproofing constituent, 
but from the author’s experience sodium silicate has a decided tendency to delay 
the setting and reduce the strength of Port land-cement mixtures. 

(3) Emulsions prepared by means of inorganic hydroxides capable of forming a 
plastic mixture with water. 4 as for example calcium, iron and aluminium hydroxides 
have given very successful results. Residual oils of definite characteristics, soft 
coal-tar pitches or evaporated coal tar may be used, and ground up into a paste 
with a " fat ” lime slaked with water. The finished paste is composed of: 

Anhydroua calcium oxide . 21 5% 

Bituminoue matter . . 38 8% 

Water ... . 40 0% 

Total.•. 100 0% 

* Ger. Pat. 68.832 of July 1, 1891 to GrOmweig and Hartmann; F. Raachig, Chtm. Rn. FiU- 
Hari-Ind, 17. 169, 1910. 

•Ger. Pat. 211.877 of Sept. 8, 1906, also Eng. Pat. No. 15,100 of July 16. 1908. both to Julie* 
Kathe. 

* U. 8. Pat. 903 287 of Nev. 10. 1908 to H V D Heide, Ger. Pal. 103.733 of May 6. 1899; 
atao German application 27,653, 80-b, of Apr 29, 1907 to Hana WuDnar. 

* V. 8. Pat. 1,134,573 of Apr 8, 1915 to Herbert Abraham and H. W, HainM 
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The emulsion contains a large proportion of the active bituminous constituent, 
mixes readily with the gauging water, and may be used in extraordinarily large 
proportions (20-30 per cent of the weight of cement used) without interfering with 
the set and at the same time increasing the tensile and compressive strengths of 
Portland-cement mixtures at least 5-15 per cent. This composition has been 
marketed extensively and gives excellent results in practice. The manufacturers 
recommend 2-12 lbs. of the paste per bag of Portland cement for preparing stucco 
and waterproof-mortar facings, and 1-2 lbs. for Portland-cement concrete. This 
represents the only bituminous waterproofing preparation known to the author 
which can be used under all conditions, insuring a uniform distribution throughout 
the Portland-cement mixture regardless of the temperature or the means used for 
preparing the mixture. At the same time it may be added in sufficient quantities 
to secure absolute waterproof properties without detracting fiom the strength of 
the structure. 

Melhotln of Use. The integral method differs from the membrane 
method in that it may lie used for waterproofing buildings in the course 
of erection, as well as for repairing the inner surfaces of leaky masonry 
already constructed. The membrane method on the other hand can 
only be used on structures in the course of erection, since it must 
necessarily be applied on the outer surfaces of foundation walls, to be 
subsequently covered by the earth fill. Similarly, the integral water¬ 
proofing may be readily repaired should by any chance leakage occur 
later due to settlement or other external causes, whereas it is extremely 
difficult, and in many cases impossible to repair membrane water¬ 
proofing, owing to its inaccessibility. 

Integral waterproofing compounds are best adapted for use in a 
relatively thin layer or “ faring ” of Portland cement mortar, and are 
much more reliable when used in this manner than when incorporated 
throughout the body of Portland cement concrete, for the reason that 
it is a comparatively simple matter to apply a layer or facing without 
danger of leakage at the joinings, which is not the ease with mass con¬ 
crete construction. 

In applying cement-mortar facings waterproofed with integral compounds, it, is 
important to secure a firm bond with the underlying masonry. The old surface 
should accordingly he firm, rough, clean and wet. If the old surface is too smooth, 
it should lie roughened by chipping; it may lie cleaned by scrubbing with stiff 
brushes, supplemented, if necessary, by washing with muriatic acid; and it should 
lie thoroughly wet down with a hose until it has taken up as much water as possible. 
The waterproof facing should lie trowelled on with pressure in two or more coats. 
If possible, these coats should be made continuous and applied without interruption 
to avoid joints. If this is not feasible, the day's work should lie finished with a 
bevelled edge which should be roughened or chipped to secure a Imnd or “ key ” 
where the connection is made on the following day. The first coat should be 
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u scratched" before hardening, and the second coat applied just after the’ first 
one reaches its final set. The last coat should )*e trowelled hard and floated. 

Stucco should Iw \ j in. thick, trowelled in two coats. Waterproof-mortar 
facings used on waterproofing Mow grade, tanks and swimming pools should be 
applied to the walls in a layer J in. thick, in two coats, and to the floors in a 
layer 1 in. thick in one coat. A 1:3 mortar should be used on all exjnised work 
and a 1:2 mortar on all work protected from the direct action of the weather. 
The facing should lie sprinkled with water until it has set hard. Croat care should 
be taken to prevent it from drying out prematurely Interior angles where two 
walls or where the walls and floor meet, should be finished with a rounded surface. 
By proper manipulation, waterproof facings may be applied to old leaky masonry 
surfaces against existing water pressure, which cannot be effectively waterproofed 
by any other means at present known. 

Bituminous emulsions give lietter results than any other integral waterproofing 
eom|HHinds. Saponifiable oils or fats and soaps (both soluble and insoluble) weaken 
the cement mortar or concrete, and are not nearly as fiermnncnt on exposure to 
the weather, or capable of continuously resisting the action of moisture. 



CHAPTER XXVII 

BITUMINOUS PAINTS, CEMENTS, VARNISHES, ENAMELS AND 
JAPANS 

This chapter will embrace mixtures of bituminous materials with 
volatile solvents, ranging from pastes to liquids. Bituminous cements 
are manufactured in paste form, whereas bituminous paints, varnishes, 
enamels and japans are prepared in the liquid state, their respective 
consistencies being regulated by the amount of volatile solvent in¬ 
corporated. 


BITUMINOUS PAINTS 

Bituminous paints are composed of a bituminous base, a volatile 
solvent, with or without the addition of vegetable drying oils, resins, 
mineral fillers and pigments, and are intended to dry or set by the spon¬ 
taneous evaporation of the solvent. If any vegetable drying oil is 
present it will contribute little, if at all, to the drying of the paint, 
although it will undoubtedly exert a “ toughening ” effect on the coat¬ 
ing, which will become more pronounced in time. These paints are 
known generally as “solvent paints.” The distinguishing character¬ 
istic between a bituminous paint and a bituminous varnish is that the 
former will set to a firm coat upon the evaporation of the solvent, 
whereas the hardening of the latter is contributed largely by the oxida¬ 
tion of the vegetable drying oil, which is present in the base in substantial 
proportions. 

Nature of the Base Used. Bituminous paints may be divided into four groups, 
depending upon the composition of the solid ingredients present in the base, vis.: 

Group 1. Bases containing a bituminous substance, with or without a mineral 
filler. The bituminous substances may include: native asphalts, asphallites, 
asphaltic petroleums, residual oil, blown petroleum asphalt, residual asphalt, sludge 
asphalt, wurtzilite asphalt, wax tailings, mineral waxes, tars, wood-tar pitch, rosin 
pitch, peat- and lignite-tar pitches, water-gas-tar pitch, oil-gas-tar pitch, coal-tar 
pitch, fatty-acid pitch and bone-tar pitch. 

Group 2. Bases containing in addition to bituminous substances, a resin (rosin, 
rosin esters, damar or sandarac); with or without a mineral filler; with or without a 
colored pigment. 


482 
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Group 3. Bases containing in addition to bituminous substances, animal or 
vegetable oils or fats; with or without a mineral filler; with or without a colored 
pigment. The animal or vegetable oils or fats may include: linseed oil, china-wood 
oil, soya-bean oil, fish oil, cotton-eeed oil, corn oil, perilla oil, lard oil, mutton fat, 
stearic acid, oleic acid, etc. The oils may be used either in the raw state or com¬ 
bined' with " dryers ” (see p. 475), or they may be “ bodied " by heating to a high 
temperature, until they thicken by polymerisation. 

Group 4. Bases containing in addition to bituminous substances, resins in com¬ 
bination with animal or vegetable oils or fats; with or without a mineral filler; 
with or without a colored pigment. The “resins" may include: common rosin, 
rosin esters, the daman (including Borneo damar), sandarac, Kauri copal, Congo 
copal, pontianak copal and Manila copal. 

The following ingredients are rarely included, vis.: rubber, wool grease, rosin 
oil, insoluble metal soaps, etc. 

Among the resins: rosin, rosin cstere, the daman and sandarac will readily com¬ 
bine with the bituminous constituents, either by dissolving all of them directly 
in the cold solvent, or by first fluxing them together with heat, and cutting them 
in the solvent afterwards. Fossil resins (copals) will not amalgamate directly with 
the bituminous constituents. They must be melted at a high temperature, and 
firet combined with the animal or vegetable oil, whereupon the resulting oleo- 
resinous varnish will flux with the bituminous constituents, cither in the cold, or 
upon melting them togethe,. A description of the process for manufacturing oleo- 
resinous varnishes does not fall within the scope of this treatise. 

Since the addition of “vegetable or animal oils or fats ” improves the weather- 
resistance of bituminous substanoes, they Bhould accordingly be added wherever 
possible in the role of “flux." The harder the bituminous sulistance in its raw 
state, and the higher its fusing-point, the larger can be the percentage of the 
animal or vegetable oils or fats incorporated. Rosin, the darnars, sandarac or 
rubber, do not add to the weather-resistance of the bituminous materials, as 
these are of themselves deficient in this respect. They will either serve to lighten 
the color of bituminous materials when combined with colored pigments, or in other 
cases to bring about a more perfect union of the constituents, but in either event 
they should be confined to indoor use. On the other hand, fossil resins are highly 
weather-resistant, being equivalent to the asphaltitcs in this respect. They may 
accordingly be emlxxiied in bituminous paints intended for outdoor use. Paints 
containing fossil resins may be made to carry a large percentage of animal or 
vegetable oils or fats, and will accordingly produce brighter colors with pigments, 
than when oils or fats are used alone. 

The foregoing products may be blended together so the base will be soft, medium 
or hard, with a proportionate range in fusing-point. A base which is naturally soft, 
may be hardened by adding a suitable quantity of mineral filler or pigment. Where 
the base is allowed to remain soft, the paint will be limited in usefulness, and 
adapted only to the painting of porous surfaces such as masonry or dried-out com¬ 
position roofings, which will give it an opportunity of soaking into the pores, and 
thus mask the soft properties of the coating. 

Nature of the Filleri and Pigments Used. All sorts of mineral fillers (p. 393)' 
have been suggested in connection with bituminous paints, for use either alone or in 
combination with colored pigments. Their function is to harden the base or to 
Cheapen the paint. The fillers should be powdered very finely (so they will pass a 
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200-mesh sieve), otherwise they will tend to settle out. The more finely they are 
powdered and the lower their specific gravity, the longer will they remain in sus¬ 
pension. 

The colored pigments include the metal oxides (red oxide of iron, yellow ochre, 
chromium oxide, etc.), chrome yellow, chrome green (composed of chrome yellow 
mixed with Prussian blue), graphite, etc. Where the color of the finished paint 
playo an important factor, intense pigments should be employed, as these will be 
required to overcome the dark color of the base. Whites are rarely employed, 
but will produce shades of buff and tan. Should free acids be present in the binder, 
as would be the case if fatty-acid pitch, bone-tar pitch, rosin or rosin pitch were 
used, the range of pigments is narrowed down to certain metal oxides. Pigments 
such as chrome green, chrome yellow, zinc oxide, etc., will combine with the free 
acids and form insoluble compounds, causing the paint to solidify, otherwise 
termed “ gelatinizing ” or '* livering." 

Nature of the Solvents Used. The solvents ordinarily used for manufacturing 
bituminous paints may be divided into four groups, viz.: 

(1) Petroleum products, including gasolene, naphtha (benzine) and kerosene are 
most largely used. Among the naphthas there is a scries of products boiling within 
a small temperature range, termed “ close-cut distillates,” and sold as turpentine 
substitutes. The gasolenes have the lowest flash- and Iwiling-points and the poorest 
solvent power, whereas the kerosenes have a higher flash- and boiling-point and a 
correspondingly greater solvent action, the naphthas falling in between the two. 
The petroleum solvents and their characteristics arc included in the following 
tabic: 


Solvent. 

Distillation Range. 

Specific 
Gravity at 

15 5° C 

Flash-point 

° F (Abcl- 
1’ensky 
Closed 
Tester) 

Gasolenes. 

Cytuogene, rhigoleue, etc. 

Approximately 00'”,' at 70° C 

0 600 0 650 

About -70 

Canadol 

Approximately 00(7. at 85° 0 

0 025-0 675 

About-40 

Petroleum spirits . 

Approximately 00% at 100° C’ 

0 650-0 725 

About -30 

Naphthas 




Light bensine (71-62° B6 ) 

Approximately 00%, at 125° 0 

0 700-0 730 

-151o + 10 

V. M. and P naphtha (64-55° B6.). 

Approximately 90% at 150° 0 

0 725-0 760 

-5 to+30 

Turpa. substitute (50 51° B£ ) 

Approximately 90%, at 175° C 

0 755 0 775 

Iso 105 
| J 

Turps substitute (52-48° B6 ) . 

Approximately 90% at 225“ 0 

6 720-0 790 

Kerosenes: 




Illuminating oil (51-35° B£.). 

Approximately 90% at 300° C 

0 775-0 850 

100-120 

Oas or fuel oils' 




Commercial grades . 

Approximately 90% at 400° C 

0 825-0 900 

i 

150-225 


(2) Coal tar distillates, including benzol, toluol, solvent naphtha and heavy 
naphtha. These evaporate in the orders mentioned, their properties being set forth 
in the following table 


1 Barrett Company, with addition*. 
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Specfie 

Klaah-point *F. 

Solvent 

Color 

Distillation Range 

Cravitv at 

(Abel-JVnsky 




15 5" C. 

Closed Tester). 

Pure benzol* 

Water white 

100% within 2° 0, 

875 to 885 

-10 

100% benzol 

Water white; 

| 

( Approximately and at leant , 

\ 100*, at UK) 0 C 1 

875 to 885 

-8 

90‘ c benzol 

Water white. 

| Approximately and at least \ 
l 90% at 100° C 1 

( Approximately and at leant) 

870 to 882 

-ft 

50% benzol . 

j 

Water white) 

1 50% at 100® C 1 

| Approximately and at least j 

80S to SStj 

' 

+23 



( 90% at 120° C j 



Straw-colored benzol 

Straw ! 

\t leaat 80% at 100° 0 

8(12 to 882, 

About 30 

Pure toluol 

Water white 1 

100% within 2° C 
| Not over 5%, at 100° C j 

MU to 874j 

+7 

Com menial toluol 

Water white 

Approximately and at least / 

Mil to .874' 

About 15 



[ «.KI% nt 120° C 



Straw-rohircd toluol 

Straw 

At least 80% at 120° C. 

M.dlo 872 

About 17 

Pure xylol 

Skater white 1 

100% between 135" and 145° C 
| Not over 5% at 130° C j 

I 8(41 (0 870 

1 

About 85 

Solvent naphtha 

,Water white! 

| \pproximutelv and at least : 

i 8(12 to 872 

About 78 



( 90%, at 1(4)° C j 



Crude solvent naphtha Dark straw 

At least 80% at lfiO" C 

1 MV2 to 882 

About 78 

i 1 itth-llush naphtha 

Watei while; 

100%,between |. r *0' , and2IK)°C 

j 87(1 to 880, 

Not below 100 

Crude heavv solvent 
naphtha * 

« 

\inhcr lured 

1 Not over 10% at 1M)° C \ 

1 At least IMP \ at 200° C J 

[ '<4() 1181, ! 

Not below 90 

Heavy naphtha 

[Deep iirnbei 
(to dark red 

j Not over 10% at 1M)° (' \ 

> About 70% nt 200° C 1 

j 925 to 950 

About 109 

i 


• Pure hemol *110111(1 crjstalhzc at approximately 5° (' 


(3) Solvents derived from wood, including pure spirits of turpentine, wood tur¬ 
pentine, rosin spirits, light wood oil, wood creosote oil, [line oil, acetone oil, etc. 
(sec p. 190) Their properties are shown in the following table: 


Solvent. 

Distillation Range D< g C 

Specific 
(Jravity at 

15 5° C. 

Flash-point 

0 V. (Abel- 
Pensky 
Closed 
Tester). 

From hardtcoodt: 




Light acetone oil 

75-100 

0 825-0 830 

Below 20 

Heavy acetone oil . . 

100 215 

0 883 0 887 

Below 50 

Light wood oil 

90%, below *50 

0 800 A) 900 

Below 50 

Heavy wood (creosote) oil 

90% below 400 

0 930-0.980 

Above 1QO 

From toft (rtsxnout) woodt: 




Cum turpentine. 

Steam-distilled wood turpentine 

95%. below 170 1 

C0% below 170 1 

0 800-0 870 . 

10.V 108 

Destructively distilled wood turpentine 

90%, below 190 

0 850-0 870 

Below 25 

Pine oil .. 

190-240 

0 925 0 950 

130-170 

Rosin spirits. 

80 200 

0 900 0 940 

Below 50 

Rosin oil. 

225-400 

0 940 0 990, 

220-280 
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( 4 ) Manufactured chemicals, including carbon disulphide, carbon tetrachloride, 
di-chlor methane, etc. These evaporate very readily, the carbon disulphide being 
highly inflammable and the vapors explosive. Carbon tetrachloride and di-chlor 
methane similarly evaporate rapidly, but form non-explosive and non-inflammable 
solvents, 1 and may be used to raise the flash-point of other solvents susceptible to 
ready ignition alone.’ 

The_ properties of the chemical solvents adapted for use with bituminous sub¬ 
stances are included in the following table: 


Solvent. 

Distillation Range Deg. C. 

Specific 
Gravity at 
15.5° C. . 

Flash-point 

0 F (Abel- 
Peneky 
Closed 
Tester). 

Carbon disulphide. 

40-47 

1 265-1 272 i 

-48 

Acetone~C. P 

56-57 

0 790-0 800 

1 ... 

Acetone--commercial . 

56-90 

0 845-0 850 

) +14 

Amyl acetate . 

About 140 

0 876 

72 

Aniline 

180-183 

1 027 

170 

Nitrobenxol. 

208-215 

1 187 

194 

Di-chlor methane (methylene chloride) 

40-41 

1 377 


Chloroform 

60-62 

1 485-1 500 


Carbon tetrachloride . 

75-77 

1 

1 580-1 600 

None 


Note.—Grain alcohol, wood alcohol, etc., cannot lie used for bituminous mate¬ 
rials, as they are deficient in solvent properties. Other solvents, including ether, 
chloroform, etc., possess good properties, but are not generally used on account 
of their high price. 

The following table 1 shows the comparative evaporation times of certain com- 


Carbon disulphide 
Carbon tetrachloride 
Pure bensol . .. 

100% bemol . 

90% bemol 
Straw-colored bemol 
150% bemol 
Pure toluol 
Commercial toluol 
Straw-colored toluol. 
Xylol 

Solvent naphtha .. . 


surface 3i 

in. square: 


3} min. 

Crude solvent naphtha . 

121 nun. 

41 " 

High-flash naphtha 

205 1 ‘ 

10 

Crude heavy solvent naphtha . 

290 " 

13J '* 

Heavy naphtha 

303 " 

14 ** 

Turpentine 

142 *• 

18 ” 

Wood turpentine 

480 •* 

23 '* 

80° gasolene 

4 •* 

29 “ 

70° gasolene 

8 *■ 

33 “ 

66° bernine . 

16 " 

36 *• 

62° bentine 

18 " 

89 *• 

Petroleum turps substitute (42°) 

346 '* 

107 ** 

Kerosene 

475 " 


The proportion of solvent used, depends upon three factors: (1) the nature of 
the bituminous base, (2) the " capacity ” of the solvent, and (3) the consistency of the 
paint desired. 

In general, the higher the susceptibility of the base, the lower will be the viscosity 
of the resulting paint. Upon running parallel tests, with the same percentage by 

‘ U. S. Pat. 835,113 of Nov. 6, 1906, to 8. G. Penney. 

‘"Flash, Fire and Explosion Teat* on Mixtures of Carbon Tetrachloride and Naphtha," by 
E. A. Barrier, Jour. Inri. Sng. Chtm., |, 16, 1910. 

1 Barrett Co. with additions. 
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weight in all cases of the respective solvents, it will be found that residual asphalt, 
sludge asphalt, wood-tar pitch, water-gas-tar pitch, oil-gas-tar pitch and the coal- 
tar pitches will form paints of lower viscosity than paints prepared from fluxed 
asphaltites, blown petroleum asphalt, wurtxihte asphalt and the non-susceptible 
fatty-acid pitches. With bituminous materials having a high susceptibility factor, 
the fusing-point of the base exerts comparatively little influence on the viscosity 
of the completed paint. Bases that are hard, and at the same time possess “ tough 
and rubber-like ” properties (i.e. a low susceptibility factor, considerable elasticity^ 
resilience and tenacity) when used alone, are apt to gelatinise after they have been 
dissolved in the volatile solvent. In other words, although the paint when first 
made up may appear liquid, it will after a time become transformed into a jelly- 
like mass. This is particularly Rpt to occur with hard and “rubbery" fatty-acid 
pitches, wurtzilite asphalt and gilsonite. The specific gravity of the base has also 
a bearing on the paint’s consistency. Since it is customary to measure the base 
and solvent by weight, jt follows that the higher the specific gravity of the Itase, 
the smaller will !>e its volume for a given weight, Hence a base of high gravity 
will form a [mint of lower viscosity than an equal weight of a low gravity base, but 
substantially the same in other respects. 

The “ capacity ” of the solvent also has an important !>enring upon the viscosity 
of the paint. The greater the solvent action of the menstruum, the smaller per¬ 
centage by weight will be required to produce a paint of a given viscosity. In 
general, aromatic hydrocarbons are superior in solvent action to aliphatic, hydro- 
cartons. Coal-tar products and those derived from wood distillation constitute 
better solvents thnn petroleum products. Similarly, distillates from aromatic petro- 
leuin are relatively better solvents than those produced from strictly aliphatic 
jictrolcum. In all cases the higher the molecular weight of the hydroonrtons, the 
totter will l>e the solvent action. Derivatives such as carbon disulphide, carbon 
tetrachloride, chloroform, di-chlor methane, ether, etc., are generally lietter solvents 
than the corresponding pure hydrociirtons from which they originated. For the 
reason previously explained, the specific gravity of the solvent has a 1 taring on the 
consistency of the paint, from the standpoint of percentage expressed by weight. 

The weight of solvent in commercial bituminous paints ranges from 20 to 80 
per cent. The smaller percentages arc used in heavy-bodied paints intended for 
coating masonry, for scaling the joints of composition roofing, and for application 
to [K)rous surfaces. Light-bodied paints containing the larger percentages of solvent 
are used where it is desired to secure great penetration, rapid drying properties, 
cr where the paint is used for “ dipping ” purposes. 

Mineral waxes alone are difficultly soluble in most solvents (see p. 310). Asphalt- 
itea and asphalts dissolve in the following solvents, approximately in the order 
mentioned, viz.: carbon disulphide, carton tetrachloride, distillates from coal tar, 
resinous woods and petroleums. Comparing products of the same fusing-point, 
we find that blown petroleum asphalts are most soluble, then come native asphalts, 
sludge asphalt, wurtzilite asphalt, and lastly the residual asphalts. 

Tar pitches produced from the destructive distillation of bones, wood, peat, 
lignite and coal are more difficultly soluble than asphaltic materials and pitches 
not derived from tars (e.g., rosin pitch and fatty-acid pitch). Tar pitches dissolve 
most readily in the following solvents, approximately in the order mentioned, viz., 
carton disulphide, coal-tar distillates and distillates from resinous woods. Of the 
pitches: rosin pitch, fatty-acid pitch, tone-tar pitch, peat- and lignite-tar pitches 
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arc relatively the most soluble, and oil-gas-tar pitch, water-gas-tar pitch, wood-tar 
pitch and coal-tar pitch are least soluble, ranging approximately in the sequence 
stated. The solubility of bituminous substances may be increased by fluxing with 
such materials as rosin, animal and vegetable oils or fats, wax tailings, fatty-acid 
pitch, and in some cases residual oil derived from aromatic petroleums. 

Methods of Manufacture. When all the ingredients of the base fuse 
at comparatively low temperatures, the simplest method consists in 
stirring them with the solvent in a closed steam-jacketed tank pro¬ 
vided with an agitator. The temperature should be raised close to the 
boiling-point of the solvent, and the stirring continued until the 
solution is complete. When some of the materials melt at high tem¬ 
peratures it is advisable to flux them with the remaining ingredients 
of the base by direct fire, either in a small tank mounted on wheels, 
known as a “varnish kettle,” heated by coke burning in a pit, on 
grate bars sunken 8 to 12 in. below the floor level (Fig. 151), or in a 



large stationary hemi-cylindrical melting tank (p. (>!)). When the 
melting is effected in a varnish kettle, after the ingredients have been 
fluxed together, it is withdrawn a safe distance from the fire, cooled to 
slightly under the boiling-point of the solvent, which is then gradually 
introduced, small quantities at a time, stirring continuously with a 
paddle. When the base has been melted in a stationary hemi-cylindri¬ 
cal kettle, it is run by gravity or pumped into a closed cylindrical tank 
equipped with a stirring device, and after cooling sufficiently, the solvent 
is run in slowly, with continuous stirring until the solution is complete. 
The second method is used for preparing large quantities of paint 
in one charge. 

Sometimes the bituminous paint is mixed cold in various propor¬ 
tions with oleo-resinous varnishes manufactured in the usual manner, 
either to increase its weather-resistance or for purpose of lightening 
its color, when colored pigments are to be incorporated. Pigments and 
fillers may be mixed with the paint by simply stirring them together 
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in a tank provided with an agitator, or by grinding the mineral In¬ 
gredients and sufficient paint to form a paste in an enclosed buhr-stonc 
mill, as illustrated in Fig. 152, and then thinning the paste to brushing 
consistency with an additional quantity of bituminous paint, or in 
certain cases with a volatile solvent. 

Fillers or pigments ground in accord¬ 
ance with the latter procedure arc 
less apt to settle on standing, than if 
simply stirred into the paint. It 
should lie noted, however, that even 
under the test conditions, fillers and 
pigments are more apt to settle from 
bituminous solvent paints than from 
oil paints. This is probably due to 
the better buoying and lubricating 
properties of the oil on the mineral 
particles. 

Types of Bituminous Paints. Ma¬ 
sonry Paints. These are used for Courtly ot Kent M*ohin« Work> 

painting brick, stone, or concrete Fio. 152 -Paint-grinding Mill, 
surfaces, usually above ground, to 

prevent the inroads of dampness or moisture. Masonry points often 
termed “ damp-proofing paints,” arc divided into two classes, viz., 
clear and blaek. 

Clear damp-proofing paints are used for painting the outside of 
exposed wails, and are generally made up from a base composed largely 
of paraffine wax in combination with resinous, oily or fatty constituents. 
Paraffine wax alone is only slightly soluble in most solvents, and has 
the disadvantage of crystallizing out at low temperatures. The addi¬ 
tion of resins, vegetable or animal oils and fats will prevent this to a 
certain extent, and also maintain the necessary light color. 'These 
paints are intended to penetrate the pores of the masonry, and are 
therefore made thin in body, containing a large proportion of solvent 
(GO to 80 per cent by weight). The base is usually prepared of a low 
fusing-point to augment its solubility; and petroleum distillates, with 
or without the addition of wood distillates are generally used as solvents. 
Clear damp-proofing paints spread from 250 to 500 sq.ft, per gallon, 
depending upon the porosity of the underlying surface. 

Black damp-proofing paints are made from asphaltic mixtures, 
vater-gas-tar pitch, oil-gas-tar pitch and the various coal-tar pitches, 
tsed cither alone or in combination with animal or vegetable fats or 
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oil's. The base is prepared of a fairly low fusing-point (140 to 160° F. 
by the K. and S. method) and “ cut ” to a heavy body. Asphaltic bases 
are dissolved in 40 to 60 per cent of petroleum distillate, figured on the 
total weight; and bases derived from tars dissolved in 30 to 45 per 
cent of coal-tar distillate. This class of paints is used for coating the 
inside of exposed masonry walls, and may be plastered upon directly, 
thus dispensing with the furring and lathing. The best practice con¬ 
sists in applying two coats of the damp-proofing paint to the inside of 
the wall, allowing each to dry about twenty-four hours. The plaster 
may then be trowelled directly on the paint, with which it forms a 
good bond. Black damp-proofing paints containing saponifiable mate¬ 
rials such as vegetable or animal oils and fats, or resins, bond better with 
the plaster than those made exclusively of asphaltic or coal-tar mix¬ 
tures, in which latter case the bond tends to weaken when the paint 
ages. The paint should spread between 50 and 60 sq.ft, per gallon 
for the first coat, or 70 and 80 sq.ft, for the second, depending upon 
the character of the surface to which it is applied. 

Paints for Recoating Prepared Roofings. These fall into two groups, 
namely those intended to repaint prepared roofings composed of as¬ 
phaltic and coal-tar products respectively. For the former, asphaltic 
paints are used, and for the latter, paints prepared from pitches, and 
generally coal-tar pitch. For the cheapest paints, straight-distilled coal 
tar or crude asphalt-bearing petroleum are used. These form coatings 
of a nondescript character, due to their variable composition, and they 
also evaporate and harden slowly. 

Higher grade paints of this class are prepared from substantially 
the same compositions used for the coatings of prepared roofings (p. 392), 
but of a slightly softer consistency and lower fusing-point (140 to 160, 
K. and S. method). These are dissolved in approximately an equal 
weight of solvent. When used as lap-cement, a smaller proportion of 
solvent is incorporated, and the paint is accordingly made heavier in 
body. Asphaltic paints should not be used on roofs containing coal-tar 
products, or vice versa. 

In all cases, it is important that the base should be plastic, and hare the same 
physical characteristics as the bituminous roofing to which it is applied. Paints 
containing a preponderance of “ vegetable drying oils ” such as linseed, china- 
wood, etc., fail to answer satisfactorily on bituminized roofings, for the following 
reasons: 

(1) Vegetable drying oils oxidise to an elastic substance known as " linoxyn," 
entirely devoid of plasticity, with the result that such coatings soon crack, check 
(“alligator ”), and in certain cases peel off the roofing, when exposed to the weather. 

(2) Because the dark-colored bituminous constituents have the property of dif- 
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fusing or drawing through a coating of dried or oxidized vegetable oil, upon boing 
subjected to the sun’s heat, thereby causing the paint to assume a badly discolored 
or mottled appearance. 

Bituminous materials interfere with the oxidation of vegetable drying oils, and if 
an excess of the former is present in the base, the entire composition will assume a 
“plastic” consistency, and the drying of the oil will lx* retarded. On the other 
hand, if the vegetable drying oil is in excess, it will oxidize in spite of the .bitumi¬ 
nous matters. The following t ibl* shows the relation between the consistometer 
hardness at 77° F. (Test 9c), and the percentage of commercial Ixiiled linseed oil 
in admixture with gilsonite. 


(blsohltl*. 

B.tiled 1 n hcoI ' 

Coi eiitcnrv 

Per Out 

nil. Per Out 1 

7, 1- 
(Tf*at 9r) 

100 

0 

100 0 

95 

5 

98 0 

90 

in 

HA A 

85 

is 

70 0 

HO 

20 

50 0 

7.-, 

25 

20 A 

50 

50 

3 1 

25 

75 

0 0 

15 

85 

0 0 

0 

100 

0 0 


Remark*. 


' ) fiiaiiilal.lo for routing prepared roofing* 


( M< at <liHirable range 


Probable range permissible. 


I'naiiilablc for coating prepared roofing*. 


Many unsuccessful attempts have l»een made to adapt linsecd-oil-pigment-painta 
for coating prepared roofings, as for example, by first applying a priming coat of 
sodium silicate and rosin,' surfacing the roofing with fine sand,* etc. 

To successfully paint prepared roofings in colors, a weather-proof plastic bitumi¬ 
nous binder must lx* selected, having a light brown color in a thin layer (1-2 mils 
thick) when viewed by transmitted light on glass; otherwise yielding a brown streak 
on porcelain (Test. 0). Gilsonite and certain forms of fatty-acid pitch (Group 1); 
mixtures of these with certain resins (Group 2); mixtures of these with a small 
projiortion of vegetable oils or fats ((iroup 3); or mixtures containing both resins 
and vegetable drying oils (Group 4). will answer satisfactorily for this pur|K)He, 
since they may lx* mixed with pigments without obliterating their color, as would 
lx* the ease if dark-colored bituminous mixtures yielding a black streak were used.’ 
The base is dissolved in the volatile solvent and finally the colored pigment or 
mixture of pigments ground in The ratio of pigment will vary from half to the 
same weight as the base, de|>ending u|X>n the intensity of the pigment, the opacity 
of the base, and the color of the paint desired. The percentage of volatile solvent 
must lx*, increased slightly when pigments are used, due to the fact that these con¬ 
tribute to the body of the paint. A typical mixture will contain 30 per cent base, 
20 per cent pigment, and 50 fx*r cent, volatile solvent. 

«Ger Pal 219.181, of 1907 to H Engelhardt 

* U. S. Pat* 291,600 of Jan 8. 1884 to Joeiah Jowitt. 385,057 of June 26, 1888 to Alexander 
Jonea, 791.312 of May 30. 1905 to C 8. Bird. 

» U. S. Pat. 824,898 of July 3, 1906 to Herbert Abraham. 
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Bituminous Paints for Metal or Wood. All sorts of bituminous 
paint mixtures have been recommended for painting metal and wooden 
surfaces. 1 

Bituminous paints give better results out-of-doors on metal than on wooden 
surfaces, although most manufacturers recommend them indiscriminately for both 
types o'f construction. However, it should be noted that any resinous constituents 
in the wood will act deleteriously on the paint after a time, due to their solvent 
action on the bituminous constituents present. Bituminous varnishes and enamels 
nmy safely be recommended under these conditions, since the excess of drying oil 
on oxidation becomes immune to the resinous constituents. If manufactured 
according to correct principles, bituminous paints will give fair service on exposed 
metal work, including metal roofs, corrugated iron, farm implements, etc., and 
although inferior in weather-resistance to bituminous varnishes and enamels, they 
are at the same time considerably less expensive. Bituminous paints have been 
used successfully for resisting the corrosive action of acids, alkaline solutions, 
cyanide liquors, etc. They are, in fact, more resistant to these chemicals than any 
other types of paints at present known. When used to withstand acids they will 
afford better protection to wo > 1 than to rnctal, due to the fact that wooden sur¬ 
faces are in themselves more resistant to the action of acids, and being porous will 
absorb a greater quantity of paint, thus insuring a greater “factor of safety." 

Bituminous paints will not give satisfaction when exjKised to vapors or the direct 
contact of solvents for bituminous materials, such as petroleum products, illuminat¬ 
ing gas, the so-called “gas-drip" condensing out of gas mains, turpentine, exuda¬ 
tions of resinous woods, or the like. They may be applied on top of dried coatings 
of linseed oil paint or varnish, but should not be recoated therewith, as bituminous 
materials will form an unstable foundation, and for (lie reasons previously cited 
will act injuriously on the superimposed coating of dried linseed oil (linoxyn). 

Certain bituminous paints, prepared without the use of mineral fillers or pig¬ 
ments are used for electrical insulating purposes where a rapid “air-drying" paint 

1 U. S Pats 109,757 of Nov. 29, 1870 to T C Rice, composed of coal tar, Venetian red and 
solvent, 188,646 of Mar. 20, 1877 to A K I.ee, composed of asphalt alone and solvent, 207,096 
of Avid 20, 1878 to M. R Bailey and 243,990 of July 5, 1881 to J S Smith composed of fattv- 
acid pitch and solvent, 235,365 of I)cc. 14, 1880 to A K I.ee, composed of asphalt, ImBeed oil, 
pigments and solvent, 237,017 of Jan 25, 1881 to J F Hoffman, composed of asphalt, rosin 
and creosote oil, 240 899 of May 3, 1881 to J L Fauss, composed of coal-tar pitch, red iron 
oxide, ground slate and solvent. 243,990 of July 5, 1881 to J C Smith composed of fatty-acid pitch 
and solvent, 338,868 of Mar 30, 1886, 348,993, 348,994 and 348,995 of Sept 14, 1886, all to 
T. J, Pearce and M W Reardsley, composed of residua! asphalt dissolved in carbon disulphide, 
369,301 of Aug. 30, 1887 to G W Swan, composed of rcBidual asphalt and pigments dissolved in 
bennne: 391,927 of Oct 30, 1888 to J A Titzel comp<scl of gilsomte, a small proportion of 
rubber, linseed oil, colored pigment and solvent, 394,396 of Dec 11, 1888 to F M Reed, com¬ 
posed of asphalt, rosin, lime, stcarine, red iron oxide and solvent. 701,743 of June 3, 1902 to 
T. L. Lee, composed of cool-tar pitch, dead oil, benzol and yellow ochre, 768,101 of Aug. 23, 1904 
to F. M. Whitall, composed of wurtzilite asphalt and solvent, 835,113 of Nov 6, 1906 to S G 
Penney, composed of blown petroleum asphalt, carbon tetrachloride and petroleum naphtha; 
853,354 of May 14, 1907 to August Gross and A C Horn, composed of asphalt, Portland cement 
and pine oil; 967,337 of Aug. 16, 1910 to D. T Day, containing nitrated asphaltites dissolved in a 
solvent. 984,477 of Feb 14, 1911 to M. D. Griffin, ct al , containing gilsonite. wurtzilite asphalt, 
boiled linseed oil and solvent; Eng Pats No 1932 of June 13. 1868, to Charles Humfrey, con¬ 
taining fatty acid pitch, coal-tar pitch or residual asphalt dissolved in a volatile solvent, No. 12,632, 
Nov. 1, 1887, to J. H Lyman, describing the use of residual asphalt dissolved in benzine. 
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» required. They are usually marketed under the erroneous terra "air drying 
varnish,” but are in reality air-drying paints. The author has examined specimens 
capable of withstanding 1000 volts per mil in thickness. 

For manufacturing inexpensive machinery and farm implements, bituminous 
paints may be used for dipping pur|*>ses, ujxm thinning with additional solvent. 

BlTl’MINOrS CKMKNTS 

These arc of plastic, trowelling consistency and adapted for repair¬ 
ing metal or composition rooting, damp-piooling the inside of masonry 
walls almvo ground, and to a limited extent for waterproofing the out¬ 
side of foundation walls Mow ground. The cement may l>e composed 
of two or more of the following constituents, viz.: 

(1) A base containing one or more bituminous materials with or 
without the addition of vegetable oils, resins, etc. The ingredients 
should preferably Ire blended together in such proportions that the 
mixture will show a fusing-point (K. and S. method, Test I'm) between 
135 and 175° K., a eonsistometer hardness (Test 1)6) of 5 to 25 at 77° R, 
a susceptibility factor (Test, tW) Mow 25, and substantially complete 
solubility in the solvent used. 

(2) Mineral fillers are sometimes added, comprising any of the prod¬ 
ucts, such as clay, 1 etc., used for filling the coatings of prepared roofings 
(p. .'illlij. Occasionally colored mineral pigments are used to impart 
to the cement, a color other than the inherently dark color of the 
bituminous materials. liven when employed in moderately large pro¬ 
portions, and of a strong intensity, they will result in comparatively 
dark hues. 

(3) Fibrous matter is often added to bind the base together, and 
form a tougher mass when set. The fibres may either bo of mineral, 
vegetable or animal origin, including asbestos, 2 slag wool, cotton flock, 
shoddy, rag fibres, etc. These are added in percentages not to exceed 
15 per cent of the lotah The waste product obtained in the maiiufueliire 
of bituminizod roofing or shingles may also lie used for this purpose. 1 

(4) A volatile solvent in which the base will dissolve, consisting of 
petroleum products (e.g., gasolene, naphtha, or kerosene), distillates from 
rosin or wood (e.g., turpentine, wood turpentine, pine oil, wood creosote 
oil, etc.), tar distillates (e.g, benzol, coal-tar naphtha, solvent naphtha, 
creosote oil, etc.), used singly or in various combinations. The per¬ 
centage of solvent will range from 10 to 25 per cent in weight, depend- 

1 »’ S Pat 145,705 of Der 16. 1873 to I!r>ra''« Wheeler 

2 U S Pats 76.773 of Apr. 14. 1868. 76 773 lie 5948A and 5949B of June 30, 1874. all to 
H W Johns 

3 v. 8. Pat, 1,233,154 of Jan 15, 1918 to IBrUrt Abraham. 
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ing upon the nature of the base and the desired consistency of the 
cement. 

The cement is manufactured by combining the base with the volatile 
solvent in one of two ways: 

(1) By melting together the constituents in a so-called “ varnish 
kettle ’’ (p. 408) over direct fire heat, cooling until the mass commences 
to thicken and then gradually stirring in the solvent, small quantities 
at a time. 

(2) By “ cutting ” the ingredients of the base with the solvent, in 
a closed steam-heated tank provided with a mechanical stirrer. The 
components of the base are weighed out separately, then the solvent 
added, the cover or cap of the tank screwed in place and steam turned 
on. The stirring is continued until the solution is complete, whereupon 
the charge is allowed to cool, the cover removed and the contents with¬ 
drawn. When mineral fillers, pigments or fibrous matters are to be 
used, they are incorporated cold, either by hand or with a power mixer. 

The cement is ordinarily applied with a trowel in a layer from 
,' s to | in. thick, covering 25 to 12j sq.ft, respectively per gallon on a 
fairly smooth surface. The volatile solvent should evaporate within 
twenty-four hours, leaving the base and any mineral filler or fibrous 
constituents in the form of a weather-proof coating capable of withstand¬ 
ing the highest sun temperatures without softening or running, and suffi¬ 
ciently tough to withstand walking, attrition of the elements, or any 
expansive or contractive strains to which it may be subjected. 

BITUMINOUS VAKNISHKS 

These correspond to Groups 3 and 4 in the preceding classification 
(p. 403), but carry a larger percentage of vegetable drying oil, with the 
fillers and pigments absent. In other words, they consist of a bituminous 
base, a volatile solvent, animal or vegetable “ drying oils ” with or without 
the presence of resins. The proportion of oils should be sufficient so the 
base will possess a liquid to semi-liquid consistency and harden at room 
temoerature by oxidation of the oils. Hard bituminous substances only 
are suitable for manufacturing varnishes, including the hard native 
asphalts, asphaltites, hard residual asphalts, wurtzilite asphalt, hard 
rosin pitch, hard wood-tar pitch, hard fatty-acid pitch and hard bone-tar 
pitch. Those ordinarily employed include asphaltites, hard native 
asphalts, hard fatty-acid pitches, and less frequently wurtzilite asphalt. 
The oils generally employed include linseed and china-wood, or a mixture 
pf the two. 
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Asphaltic varnishes are prepared in the same manner as ole* 
resinous varnishes, namely, in a varnish kettle. When fossil resihs 
(copals) are to be used, they are first melted up or “ depolylneriicd ’’ 
at a temperature of 500 to 550° F., and when rendered fusible, the oils 
are added in the customary manner, then the dryers, and finally the 
asphalt or asphaltite. When the mixture has l>eon thoroughly melted, it is 
allowed to cool and thinned with one or more volatile solvents. 

W T hcn the varnish consists solely of bituminous matter and drying 
oil, one of three procedures may be followed, viz.: 

(1) The oil or mixture of oils in the raw state may lie fluxed with 
the bituminous matter, thereupon " bodied ” at 500 to 525° F. until 
the mass becomes stringy, cooled to 400 to 450° F., then the dryers 
incorporated, and finally thinned with a volatile solvent. 

(2) The oil or mixture of oils may first, lie bodied alone, then fluxed 
with the bituminous matter, the heat raised to about 5C0° F., cooled 
to 400 to 450° F., the dryers incorporated, and finally thinned. 

(3) The oil, or mixtures of oils may first be bodied as in the fore¬ 
going, cooled to 400 to 450° F., the dryers incorporated, fluxed with the 
bituminous matter, cooled and thinned. 

Each varnish maker has his own views as to the relative efficiency 
of these procedures. 

Varnishes made from linseed oil alone are more durable on exposure to tin 1 
weather, but, they dry slower than mixtures containing china-wood oil. When 
china-wood oil is used, it must, be healed above 500' F., to prevent the varnish 
drying with a “ flat, ” or " frosted " apiKiiirnnee, hut it should never bo heated 
alone above 500° F,, otherwise it will gelatinize and become infusible. The presence 
of 30 per cent hosccd oil, resins or bituminous matter, or a combination of these 
will retard gelatinization hut not prevent it. China-wood oil mixtures containing 
50 per rent of one or more of these suliatanees may be heated without danger 
of gelatinization. 

Bituminous varnishes ordinarily contain 15 to 20 gallons of oil per 100 His. 
of bituminous matter, or mixtures of b’tuminous matter and resin. The durability 
of the varnish on exposure is m proportion to the quantity of oil present, so-called 
“ long-oil varnishes ” being more durable than “ short-oil varnishes.” Itoain eaters 
have recently been used in combination with asphalts in this class of varnishes 
with good results, and prove fairly durable on exposure and waterproof. 

The following dryers are generally used: 

(1) Lead dryers in amounts ranging from 2-4 per oent by weight of the oil. 
Since the asphaltic varnishes are dark in color, it is unnecessary to use “ pale " 
dryers, and consequently litharge (PbO) or red lead (PbiOi) will answer satis¬ 
factorily. 

(2) Manganese dryers in percentages of 1-2 per cent, usually in the form of 
mangaoese dioxide (M 0 Oi) 

(3) Cobalt dryers in percentages of 1-1 per cent of the oil, and added in the form 
of cobalt acetate (CoAi). 
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The best results are obtained by using combinations of lead and manganese; 
manganese and cobalt; or lead, manganese and cobalt in approximately the ratios 
specified. The addition of prepared liquid dryers to the cold varnish will not 
answer in the case of asphaltic varnishes as with oleo-resinous varnishes. 

The following represent typical specifications for this type of varnish: 

Specifications (M-L-N-55) issued by the U. S. War Dept., July, 1008, provide 
that “Asphalt varnish must be made of pure high-grade asphalt of the very liest 
quality, of pure linseed oil and pure turpentine dryers only, and must not contain 
less than 20 gal. of prepared linseed oil to 101) gal. of varnish. It must not 
flash below 1(KJ C F. (open tester). It. must mix freely with raw linseed oil in all 
pro|K>rtions; it must lie clear and free from sediment, resms and naphtha. When 
flowed on glass and allowed to drain in a vertical position, the film must be per¬ 
fectly smooth, of good body, and must equal in this last respect the standard 
sample. It must set to touch in from 1^-2) hours, and must dry hard in less than 
20 hours at 70° F. When dry and hard it must not rub up and powder under 
friction of the finger. The application of heat must quicken the time of drying 
and give a harder film.” 

Specifications (52V-I»») issued by the U S. Navy Dept, July 20, 1912, provide 
that “Black asphalt varnish must lx 1 made exclusively from pure high-grade asphalt 
of the very liest quality, pure linseed oil, petroleum spirits, and lead-manga net-e 
dryers. It shall contain petroleum spirits, not less than 50 per cent nor more than 
55 per cent by volume The asphalt and linseed oil must Ik* present in such pro¬ 
portions as to yield a film, after thorough drying, which shows no tendency to rub 
up or pow'der under friction of the finger. The flnsh-jioint by the open tester must 
not l>c l>elow 100° F. It must mix freely with raw linseed oil. When flowed on 
glass and allowed to dram it should dry hard within 20 hours at 70° F., the film 
to lie smooth and to possess full hiding power.” 

Varnishes containing china-wood oil will harden more rapidly than the foie- 
going. Bituminous varnishes will withstand exposure to the weather even better 
than oleo-resinous varnishes, although their use is limited by their inherently dark 
color, which restricts them for coating metal work either out-of-doors or in-doors. 
They produce lustrous coatings on drying. Other things being equal the blacker 
the streak on porcelain of the bituminous base, the more intense will be the color, 
covering power and opacity of the resulting varnish. If too large a proportion 
of the resin or oil is used in its manufacture, the varnish will dry with a trans¬ 
lucent film possessing a brownish black to deep brown color, having little value 
for coating structural objects. Such varnishes are sometimes used by artists to 
produce warm brown tones, anil were so employed by the ancient masters, who 
jHixsessed the secret of preventing them diffusing through and discoloring the light- 
colored paints in juxtaposition. 


BITUMINOUS ENAMELS 

Those are prepared from bituminous varnishes by grinding in dry 
pigments sufficiently intense to overcome the inherently dark color of 
the varnish. The enamels at best can be manufactured in compara¬ 
tively dark hues only, which limit their scope of usefulness. They havo 
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the advantages of extreme durability and low cost, since bituminous 
materials are less expensive than the resins otherwise used for this purpose. 

The bituminous varnishes to lie used for manufacturing enamels are 
made as translucent as possible to favor the color of the pigment. Bitu¬ 
minous substances showing a brown streak are accordingly selected, and 
combined with substantial amounts of resinous and oily lushes, (iil- 
sonite constitutes the most |xipulnr base, since it shows the optimum 
brown color, possesses the necessary hardness, and at the same time 
does not tend to gelatinize with lead, zinc and chromium pigments. 

The pigments arc incorporated in the vehicle by grinding through a paint mill, p. 4t>9. 
The following pigments may be used 

Red iron oxide to produce deep reds and maroons. 

Ohiome green to produce deep shades of green and olive. 

Yellow ochre to produce browns 

Chrome yellow to produce deep yellows and browns. 

bithopone, tine white, white lend and sublimed lead to produce tans (without 
other additions). 

Graphite u«ed either alone or in combination with lampblack or carbon black 
for coating structural steel, and metal roofs. 

BITUMINOUS JAPANS 

In this treatise the term "japan ” is used to designate a dark-colored 
menstruum applied to metals, wood, fabrics, etc., intended to be hardened 
by hnkuuj. Japans are sometimes used for impregnating felted or woven 
fabrics for electrical insulating purposes. In composition they fall into 
any of the four groups enumerated on p. Ki'2, the tillers and pigments 
being omitted. The base of cheap japans is composed solely of bitu¬ 
minous materials blended in the proper proportions, whereas the lietter 
grades are made from mixtures of bituminous materials and vegetable 
drying oils, with or without the addition of resin. They are opaque 
black to translucent, brown in color, and after baking, form coatings 
which are extremely hard, tough and resistant to abrasion. 

Japans are often made from semi-solid native asphalts, and in some cases resid¬ 
ual asphalts derived from aromatic-base petroleum having the property of harden¬ 
ing on "baking.’’ Toughness may lie imparted by fluxing with a small percentage 
of blown pctiolcum asphalt or fatty-acid pitch. Fatty-acid pitches whirh have been 
over-heated in their process of manufacture, are especially suitable for this purpose 
being often used alone. The characteristics of bituminous substances suitable 
for manufacturing japans are as follows: 

(1) They must be homogeneous and free from any fine particles of grit, 

(2) They should show a black streak, and be opaque when viewed in a thin 
layer. 
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(3) They must not separate, curdle or “ gelatinize " on thinning with petroleum 
naphtha. 

(4) They must bake in a reasonable length of time to a tough and permanently 
glossy coating, without shrivelling or “ crazing.” 

A popular form of japan consists of gilsonite fluxed with a fatty-acid pitch of 
the type described, and thinned with petroleum naphtha to brushing consistency. 
If the fatty-acid pitch does not bake sufficiently rapid, a common scheme consists 
in oombining a small percentage of dryer such as manganese dioxide or raw umber, 
at a temperature of 450° F. Tougher and more elastic japans are prepared by 
incorporating a proportion of bodied linseed oil, which also serves to improve the 
gloss. 

Since semi-drying vegetable and animal oils will oxidize to tough coatings at 
elevated temperatures, and are usually less expensive, they may be substituted for 
the vegetable drying oils, especially if bodied and combined with dryers. Thus 
cottonseed oil, corn oil, soya bean oil, and fish oil have been used for this purpose, 
sometimes combined with a small percentage of china-wood oil to accelerate the 
drying. Another expedient consists in bodying the vegetable oils at 450-475° F. 
with a small proportion of Prussian blue (|-1 ounce per gallon), which serves to 
convert the oil into a brownish black liquid, thus increasing the opacity of the japan, 
and at the same time imparting drying properties to the oil. This is the same 
procedure followed in manufacturing baking varnishes and japans for the patent- 
leather industry. 

Japans are applied to articles by dipping, brushing or spraying, and heated in 
specially constructed ovens from 1-4 hours at 200-400° F. depending upon their 
composition. Modern practice favors the use of higher temperatures for shorter 
periods of time. Wooden and other porous articles must be baked longer than 
metal. Semi-glossy and flat, black japans are prepared by grinding carbon- or 
lampblack in the foregoing menstrua, and when baked present a surface simulating 
the appearance of hard rubber. Sometimes a small percentage of oxide of zinc 
is incorporated to impart a grayish cast. Baked japans form a harder, tougher and 
more weatherproof coating than those resulting from bituminous varnishes allowed 
to air-dry at room temperature. 1 

Japans containing 10-17 gal. of drying oil per 100 lbs. of solid constituents 
are employed for insulating armature and field coils of motors and dynamos, also 
transformer and magnet coils, in small plants where vacuum impregnating apparatus 
is not available (p. 449). The coils after having been wound with cotton or other 
fibrous material are heated in an oven until the moisture has been cxyielled, and 
while still hot are dipped into the cold japan. After removing and allowing the 
excess to drain, the coils are baked in an oven at 180-200° F., usually from 8-12 
hours. It is advisable to dip and bake the coils twice to insure thorough impreg¬ 
nation. These japans are sold under the trade name of ‘‘black baking varnish.” 
and if properly prepared will withstand an alternating current having a potential 
of 800-1000 volts per mil, after having been baked 300 hours. One of the essential 
characteristics of the “varnish” is that it shall neither soften nor become brittle when 
applied to armatures of dynamos or motors subjected to continual vibration, and 
often becoming heated as high as 190° F. in service. Should the varnish or japan 

•‘'The Application of Gaa to Japaning and Lacquering,” by E. F. Davia, publiahed by th* 
N&tion*l Commercial Gaa A#aociation, Brooklyn, N. Y., 19K}. 
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become brittle, the vibration will soon cause it to crack and pulverise, and result 
in short-circuiting the machine. This is one of the severest tests to which any 
form of varnish is subjected. It reouires considerable skill to prepare a japan 
that will retain its pliability on long service when subjected to alternate heating 
and cooling in contact with air, combined with the vibrating and centrifugal action 
exerted by the revolving armature. A simple test consists in baking the japan 
on a small strip of muslin at 195° F. for 300 hours, and then observing whether it 
can be lent double (flat on itself) without cracking at 77° F. It, must also with¬ 
stand continuous immersion in hot lubricating oil without softening or disinte¬ 
grating. 

Resins are sometimes added to the baking japans, but are not looked upon with 
favor U'causc of their tendency to make the coating brittle. 



PART V 


METHODS OF TESTING 


CHAPTER XXVIII 

PHYSICAL CHARACTERISTICS 

Chapters XXVIII, XXIX, XXX anil XXXI will be devoted to a 
description of the most important tests used for examininji crude, refined 
and blended bituminous substances, Certain of the tests have been 
adopted as standards by technical societies, and particularly the American 
Society for Testing Materials, whose committees have been active in 
this field, accomplishing much to clarify what formerly constituted a 
veritable jumble of rule-of-thumb methods. Other tests appearing in 
the current literature will lie included where they have been found 
adequate, but in certain cases these have liecn amplified or elaborated 
to conform with the practice followed in the author’s lalioratory. The 
author, however, assumes full responsibility for any methods described 
which have not lieen proposed or adopted as “ standard." 

The tests which follow are grouped under four headings, viz., physi¬ 
cal characteristics, heat tests, solubility tests and chemical tests, a 
chapter being devoted to each. In general, a test may have one or 
more objects in view, viz.: 

(1) Serving as a means of identification. 

(2) Ascertaining the value of the substance for a given use. 

(3) flanging the uniformity of its supply. 

(4) An aid to factory control in its manufacture, refining or blend¬ 
ing, and 

(5) As a criterion of its quality. 

The last named may serve as an indication of its purity, the care 
exercised in its preparation, or its intrinsic value. The tests pertain¬ 
ing to bituminous substances fulfil these requirements ns shown in 
Table XXXIV. 
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DISTINGUISHING CHARACTERISTICS OF BITUMINOUS SUBSTANCES 
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Table XXXV contains a list of the principal bituminous substances, together with 
such physical t an<l chemical tests as will enable them to be distinguished one from 
another. Under each heading the minimum and maximum figures are included, 
based on the author’s experience. His intention has been to make the range suf¬ 
ficiently liberal to cover all the commercial varieties, and at the same time prevent 
the range being too broad, since this would result in unnecessary overlapping. 

Test 1. Color in Mass. This test is used largely for purposes of 
identification, and consists in examining a freshly prepared surface of 
the bituminous material in daylight. The colors range from white, 
through the various shades of yellow, brown and black. Some possess 
a greenish or reddish east, and again others may appear fluorescent. 
Purified mineral waxes appear pure white, wax tailings a bright yellow, 
asphalts and pitches are generally brownish black, grayish black or 
black. 

Test 2. Homogeneity. This test is used for purposes of identifica¬ 
tion, for determining the adaptability of the bituminous substance to a 
given purpose, for gauging the uniformity of supply, for purposes of 
factory control, as a rough criterion of the purity, and when the bitu¬ 
minous mixture is free from mineral and carbonaceous matter, for 
ascertaining whether a complete amalgamation of the constituents occur, 
especially after fluxing (p. 343). 

Test 2a. Homogeneity to the Eye at 77° F. With soft materials this may be 
ascertained by disturbing a freshly prepared surface of the material (cooled to room 
temperature) with a rod or spatula, and observing whether any dulling occurs. 
An alternate method consists, in drawing a small pellet into a thread between the 
fingers, and noting whether it dullens while being drawn out. With hard and 
brittle substances a freshly fractured surface may lie examined. Any evidence of 
dullness is an indication of: (1) the presence of mineral matter, (2) the presence 
of free carbon (non-mineral matter insoluble in carbon disulphide), (3) an imper¬ 
fect blending of the bituminous constituents. 

Test 2b. Homogeneity under Microscope. This is ascertained by spreading a 
minute quantity of the bituminous material on a microscope slide in a thin layer 
and examining it by transmitted light under a magnification of 100 to 250 diam¬ 
eters. With hard bituminous materials, the slide should be warmed and the 
specimen spread uniformly and thinly, while melted. This test manifests the same 
characteristics as the preceding, and in addition, permits the detection of the 
solid paraffines, which separate from the bituminous matrix in crystal-hke masses, 
Paraffine may be identified positively under a microscope equipped with a polariscopic 
attachment. 

Test 2c. Homogeneity When Melted. This constitutes a rough test for detect¬ 
ing the presence of substantial amounts of extraneous matter, such as mineral con¬ 
stituents or free carbon. The bituminous material is simply melted and stirred with 
a rod. If these constituents are present in large quantities, they will impart a gritty 
feel to the mass, and will often settle out on standing. 
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Test 3. Appearance Surface Aged Indoors one Week. A small 

quantity of the bituminous material is carefully melted at’the lowest 
possible temperature and poured into a tin ointment box or deep seam¬ 
less can as used for determining the volatile matter (Test 16). The sur¬ 
face should tie free from froth or bubbles and allowed to cool in a place 
free from draughts. When cool, the surface is examined, am! then rev¬ 
ered to protect it from dust. At the end of a week the cover is 
removed and the surface re-examined. If bright and lustrous, it will 
indicate i perfect amalgamation of the constituents, also the absence 
of oily, greasy and undissolved constituents. A lustreless surface is 
an indication of the presence of extraneous mineral or carbonaceous 
matter, or evidence that the constituents do not blend or amalgamate 
properly. If the surface appears greasy or wax-like, vaseline- or paraf¬ 
fine-like bodies are present, since these have the piopcrty of separating 
or “ sweating " from the bituminous matrix on standing. This would 
prove objectionable where the bituminous material is to be used for 
surfacing prepared roofings dusted with tale, or for manufacturing 
bituminous paints, varnishes or japans. This test is accordingly 
used for purposes of identification, determining the adaptability 
of the substance for a given purpose and as a criterion of its 
quality. 

Test 4. Fracture. This is ascertained upon cleaving the specimen 
by subjecting it to a sharp blow, and examining the cleavage surface. 
Only hard and ‘'brittle" bituminous substances will yield to this test, 
including the hard asphalts and asphaltites. The fracture muy either 
appear eonchoidal (rounded and curved like a shell), or hackly (jagged, 
irregularly and rough). 

Test 6. Lustre. This indicates the manner in which light is re¬ 
flected from a freshly fractured surface, and may lie bright or vitreoiiB— 
indicating that it has the brilliancy or shine of glass; greasy indicating 
that it presents an oily or greasy surface; waxy indicating that it 
has the characteristic appearance of wax; or dull indicating that the 
surface is without lustre. These manifestations are used for purposes 
of identification, and for determining the adaptability of the bituminous 
material for manufacturing paints, varnishes and japans. 

Test 6. Streak on Porcelain. This represents the color of the pow¬ 
der which is left boh nd on drawing a piece of the solid bituminous 
material across the surface of unglazed porcelain. Hard bituminous 
materials only will yield to this test. The streak may be classified as 
white (where no streak is visible), yellowish, yellowish brown, brown, 
brownish black and black. This test is of value for purposes of identi- 
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fication, and as an indication of the suitability of the substance for use 
with colored pigments. 

Test 7. Specific Gravity. This test is of value (1) in identifying 
bituminous materials; (2) for controlling the uniformity of supply, 
(3) for purposes of factory control, (4) for figuring the weight of a given 
volume as delivered in tank cars, when stored in tanks or else upon 
filling into containers, (5) for calculating the volume of the bituminous 
binder in pavements (p. 364). The specific gravity is of special value 
when considered in connection with the fusing-point (p. 293) or hard¬ 
ness. 

Test 7». Hydrometer Method for Fluid Materials. Where speed is essential 
and great accuracy not required, the specific gravity of fluid bituminous materials 
may be determined with a hydrometer having its scale 
sub-divided to unity in the third place of decimals. 
Usually a series of hydrometers arc used, ranging respec¬ 
tively from 0.800 to 0.900, 0.900 to 1.000, 1.000 to 1.080, 
1.070 to 1.150, 1.150 to 1.230, and in such dimensions 
as to enable them to be used in a 100 c.c. cylinder 300 
mm. long (with a permissible variation of 30 mm.) and 32 
mm. in diameter (with a permissible variation of 3 mm.). 
The hydrometer should be of the form shown in Fig. 
153, and have the following dimensions: length of stem 
125 mm. (±12.5 mm.), length of bulb 105 mm. (±10.5 
mm.), length of scale 80 mm. (±8.0 mm.), diameter of 
stem 6 mm. (±0.5 mm.), diameter of bulb 22 mm. 
(±2.0 mm .). 1 

From A. f» T. M. Standards Most hydrometers are adapted to read at 60° F./60® 
Fio. 153.—Hydrometer. F., or in other words, the instruments are calibrated for 
water at 60° F. taken as unity. The standard tempera¬ 
ture for testing bituminous materials is 77° F., and they should accordingly be 
brought to this temperature when tested with the hydrometer. For correcting the 
reading to water at 77° F., it should be multiplied by 1.002, as follows: 

Sp.gr. at 77° F./77° F.*= Sp.gr. at 77° F./60 0 F.X 1.002. 

In running the test, the bituminous material is brought to a temperature of 
77° F., immediately poured into the hydrometer jar, and then the hydrometer 
slowly allowed to sink into it until it comes to a definite resting-point, whereupon 
it is raised slightly, and allowed to sink a second time. The reading is then noted. 
The hydrometer must not be pushed below the point at which it comes to rest 
until after the second reading has been taken, then it should be pushed a slight 
distance below the end point to observe whether or not it will rise. If it fails to 
do so, it is evident that the bituminous material is too viscous to be tested by the 
hydrometer method, and some other method should be employed. Care should be 
taken that the hydrometer does not touch the sides or bottom of the cylinder when 

*‘‘8tandard Methods for Sampling and Analysis of Creosote Oil ’’ fSerial Designation: D 38-17) of 
the Am. 8oe. Testing Materials, A. 8. T. M. Standard* Adoptrd in 1917, 34. 
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the reading is taken, also that the surface of the liquid is free from froth or 
bubbles.' 

For converting specific gravity into degrees Baum6 and vice versa, the follow¬ 
ing formulae may lie used: 1 

For liquids lighter than water: 


140 

®Bauro£ = - - -130 

Sp.gr 00700° F. 


Sp.gr. 60700° F. 
For liquids heavier than water: 


140 

130 + °Baum<5 


°Bauml = 145- 

Sp.gr 


145 

00°/|50° 


F. 


Sp.gr 60760° F. 


MS 

145— °Buum<; 


Test 7b. Westphal Balance Method. This is also adapted to testing fluid 

bituminous materials. The instrument as supplied by the manufacturer (Fig. 154) 
is provided with a cylinder of alx>ut 50 e.c. capacity, 
calibrated for use at 60700° F. If the test is to lie 
made at 77° F, it is subject to the BOinc correction 
as in the hydrometer method 

The Westphal balance may lie adapted for as 
little as 8 cc of the bituminous material, by using 
a special plummet, small enough to fit into a 10 c.c. 
cylinder. The plummet may be made from a piece 
of glass tubing 7 mm. outside diameter, which is 
sealed at one end with a short platinum wire fused 
into the glass. Nine to ten grams of mercury are 
placed in the tube forming a column 35-40 mm. high. 

The tube is then cut off within 20 mm. of the top 
of the mercury column, and the open end sealed with 
a blow-pipe. This plummet should measure 55-60 
mm. over all, and weigh from 10 to 12 g. If a 
represents the weight of the plummet in air, b its 
weight in water at a definite temperature, and c its Fio. 154.—Westphal Balanoe. 
weight in the bituminous material at the same 

temperature, then the specific gravity of the bituminous material at this tem- 
e- a 

perature = -—.' 
b-a 

« Bulletin No. 314, U. 8. D«pt. of A *r , Wssh, D. C„ Dec. 10, 1015 : "Laboratory Manual of 
Bituminous Materials.” by Prfvost Hubbard, p. 30, N. Y., 1016; " Specific Gravity—its DsUrmina- 
tion for Tam, Ojl* and Pitches," by J M. Weiss, J. Ind Bng Chtm , T, 21, 1918. 

1 Circular No 19, Bureau of Btaodards. "Standard Denaity and Volumatric Table*," Wssh, 
D. C., 1910; Circular No. 59 Bureau of Standard*, *'U. 8. Standard Baum* Hydromstar ScaUs," 
Wash., D. C„ 1916 

•“Standard Method* for Sampling and Analysis of Creosote OH" (Soria! Designation: D 38-17) ol 
the Am. Soc. Testing Materials, A S. T M. Standard) Adopted in 1917, 40. 
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Test 7c. Pycnometer or Specific-Gravity Bottle Method. Several forms of glass 
bottles are used for this purpose, with a ground-glass stopper having a small verti¬ 
cal hole bored through to enable it to be completely filled with the bituminous 
material. These are made in various sizes. 

An improvised form which may be used to good advantage when a small quan¬ 
tity of liquid bituminous material is available, consists of a l e.c. pipette, and a glass 
tube sealed at one end, the inside diameter of which is slightly larger than the out¬ 
side diameter of the lower stem of the pipette. On using this instrument, the liquid 
is first brought to a definite temperature, then sucked to the upjier mark of the 
pipette by means of a piece of rublier tubing temporarily attached to its upper 
stem. The outside is carefully wiped dry and the lower stem inserted in the glass 
tube which serves to retain any liquid which may drain from the pipette. A small 
piece of wire twisted nliout the pipette near the top is formed into a ring to hang 
it from the hook above a balance pan. The pipette is thus supported in a verti¬ 
cal position and weighed.' 

If a represents the weight of the pipette with glass tube empty, b its weight 
filled with water at a definite temperature, and c its weight, filled with the bitumi¬ 
nous material at the same tenqierature, then the specific gravity may be calculated 
from the following formula: 

c-a 

b-a 

It is customary to determine the specific gravity of bituminous materials at 
77777° F., although in social instances it is expressed at F., and in the 

case of creosote oil at l(K)°/ti()° F. For converting the specific gravity of a sub¬ 
stance found at a higher temperature to the standard tenqierature (lower), the 
following formula should be used: 

8p.gr. Substance at t,// ( =Sp.gr. Substance at i> ti ±k(t : -ti). 
in which t t = the temperature at which the specific gravity of the substance was 
determined, 

<! = the temperature (lower) at, which the specific gravity of the substance 
is to lie calculated, and 

fc* the coefficient of expanison, which is constant for the particular substance 

If perchance the specific gravity of the substance has lieen compared with that 
of water at a higher tenqierature, then to convert it to a lower tenqierature com¬ 
pared with water at the same temperature, the following formula should lie used: 1 
8p.gr. Substance at. L/L=Sp.gr. Substance at f-//aXSp.gr. Water at f 

In lioth of the aliove formulae, the following values may be taken approximately 
for k, representing the coefficient of expansion per 0 F. 


Creosote oil from coal tar. 0.00044 

Residual oil. 0.00040 

Coal tar . 0.00038 

Coke-oven tar. 0.00033 

Semi-vsolid asphalt. 0 00030 

Semi-solid coal-tar pitch. 0 00030 


•"Specific Gravity—It# Determination for Tara. Oils and Pitches," by J. M Weiss, loe cit. 

* For the Specific gravity of water at varying temperatures, see Bureau of Standards, Circular 
No. 10, p. 43. Mar. 30, 1910. 
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The pycnometer method may also l>e used for finding the specific gravity of 
hard and brittle bituminous substances, including hard asphalts of high fusing-point, 
asphalt ites, asphaltic pyrobitumens, non-asphaltic pyrohit union* and pyrobituininous 
shales. Approximately 3 5 grams of the material ground to (>0-nicsh are carefully 
weighed and introduced into a 50-cc. pycnometer, with nitwit 30 re, of distilled 
water. A v<rtical condensing bulb is attached to the pycnometer with a small 
section of ruhlier tubing, the o|x»n end Iteing connected with an aspirator to main¬ 
tain a partial vacuum. The pycnometer is then boiled on a water brth to expel 
all the air from the sample. The inside of the condensing tube is then washed 
back into the pycnometer, which is cooled to the desired temperature, stoppered, 
filled to the mark with water at the same tem|x*rnture and weighed. The specifio 
gravity may then be calculated from the following formula: 

_(r-«) 

(ft~n) ■ (»/- <*) 

Where a represents the weight of the pycnometer empty, ft its weight filled with 
water, c its weight containing the bituminous substance, and d its weight containing 
the bituminous substance also filled to tin* mark with water 1 

Test 7d. Sommer Hydrometer Method, fins method is adapted to readily 
fusible semi-solid to solid bituminous substances The apparatus is illustrated in 
Fig. 155 and consists of thv small metal cup a holding exactly 10 cc., a sleeve ft 
threaded on the inside so that it may l>c attached to the top of the cup, the cover 
r and the threaded flange <1 The cup with the sleeve screwed in place is filled 
with the melted bituminous substance, and heated a short time slightly altove its 
fusing-point to release any air bubbles or traces of moisture The nip is then 
allowed to cool to 77° F, and the sleeve unscrewed If the bituminous material 
is hard, the .sleeve should first lx* warmed with a Bunsen burner The bituminous 
material extending over the cup is cut off and levelled with a hot knife, the cover 
and flange fastened in place, and the s|x*cifn* gravity determined by susjiending 
the cup from the special hydrometer illustrated The specific gravity is rend directly 
and is accurate to the third decimal place ’ 

Test 7e. Hubbard Pycnometer Method. This method is similarly adapted to 
semi-solid or solid bituminous materials melting under the influence of heat The 
pycnometer is illustrated in Fig 150 (A and H) which shows two approved forma. 
It consists of a fairly heavy straight-walk'd glass tuls 1 , 70 mm. long and 22 mm. 
in diameter, having a neck ground to receive a glass stopjx r provided with a vertical 
opening running through its entire length, having a mark etched to indicate a capa¬ 
city of 21-25 cc The bituminous material is melted and carefully poured into the 
dry pycnometer filling it about half full After c<s>ling to 77° F it is weighed, 
then filled with water to the mark and reweighed Hie specific gravity may lte 
calculated from the formula given under test 7 r (procedure for testing solid bitu¬ 
minous materials).* 

»“ Methods of Analysing Coal anti Coke," Technics! Paper No. R, Bureau of Mines, Wash, 
D C, p 37, 1913 

*" A New Method and Apparatus for the Determination of the 8j>«cific (Jravity of Hem i-solid 
Substance*." by Albert Sommer, Free Am Snr Trying MntrrxaJt, t, 002, 1909 

* Bulletin No 314. U 8 Dept of Agriculture. Wash . D C, p 5. " Laboratory Manual of 
Bituminous Materials,” by Hubbard, p 34. I91fl. “Methods for 1 rating ( *isl I art snd Refined 
Tars, Oils and Pitch* Derived Therefrom," by 8. H Church, J, Ind. Bng. CKrm, I, 22R, 1911; 
8, 195, 1913. 




490 


ASPHALTS AND ALLIED SUBSTANCES 


TMt 7f. Wei**’ Specific Gravity Pan Method. This method is l>oth rapid 
and convenient, being adapted principally to spmi-solid or solid bituminous products. 
The pan as illustrated in Fig. 157 is made of platinum or nickel and weighs about 
7 grams. Its dimensions are as follows: diameter of base 20 nun, diameter of top 



25 mm., depth 12 ram., diameter of wire 1 mm. The melted bituminous material 
ia poured into the pan without taking particular care to fill it to any prescribed 
point. It is fastened to a waxed silk thread, weighed in air and then in water at 
77° F., by suspending it from the arm of a balance. The specific gravity may be 
calculated in the following formula: 

(c-q) 

(6-f-c) — (a-f-rf) ‘ 
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Where a represents (he weight of the pan in air. b its weight in water, c ifa weight 
plus the bituminous sulwtance in air, and <i it* weight plus the bituurinous material 
in water. 

The pan may l>e readily cleaned after the test by warming it. over a burner 
and pouring out as much of the bituminous substance as possible, then removing 
the bakmce with a solvent, and finally igniting it.* , 

Test 8. Viscosity. This test is of value in determining the adap¬ 
tability of the bituminous substanee for a given purpose, for gauging 
the uniformity of supply and for factory control work. It is used 
particularly for examining liquid to semi-liquid substances for road pur¬ 
poses, and may also be used to good advantage for predetermining the 
ability of semi-solid substances to saturate fabrics at elevated temjs'ra- 
turcs. 

Test 8a. Bugler Method. The Filler viscosimeter is illustrated in Fig 158, 
consisting of a evlmilrieal vessel «. 105 li mm m diameter, with a rover 6 and a 
convex Ujttom, o|XMiing into a platinum- 
lined tube c, 20 mm long, 2 0 mm in 
diameter at the top, and 2 M mm. at the 
Ixittom The orifice may be ojienod or 
closed with the wooden plunger d Metal 
projections are fastened to the inside of the 
vessel 25 mm from the lowest |x>rtion of f 
tht' cylindrical side-walls ami .12 mm from 
the up|>er opening of the orifice Those serve 
to control the volume of bituminous liquid 
introduced, which amounts to exactly 210 r c 
The bituminous material Ls maintained at 
any desired temperature by the heating- 
bath consisting of water, glycerine or cotton¬ 
seed oil in the cylindrical jacket /, heated 
b\ the ring-burner h, and the tcmjierature 
recorded by the thermometer e The out¬ 
flow of 200 r c. of distilled water at 08° F. 
is carefully observed If the apparatus has 
lieen constructed projxrly, tills will require LW.---Kngler Viscosimeter. 

50 -52 seconds. 

The bituminous material is ordinarily tested at 77° F. (25° C.), 172“ F. (60° C.), 
or 212° F. (100° C.) depending upon its consistency. The viscosimeter is filled to 
the top of the points with bituminous material, brought to the required temperature, 
and the time noted for 200, 100, 50 or 20 c.c. to flow through the orifice. If 100 
c.c. are allowed to flow through the instrument, the reading should lie multiplied 
by 2.35 to calculate the time of flow for 200 c.c. If .50 c.e. are allowed to flow 
through, the reading should lie multiplied by 5, and with 20 c.c. by 11.05 to obtain 
the time of flow for 200 c.c. These factors arc constant. The specific viscosity at 

1 “Specific Gravity— IU Determination for Tara. Oila and Pitch*#," by J M. Wei*#, J. In4. 
Eng Chem . 7, 26. 1915; Am Roe. Tiding MatenaU, Standard/, p. 41, 1917. 
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t°F. compared with water at 68° F. is equal to the number of seconds for 200 
c.c. of the substance to pass through at t° F. divided by the seconds for 200 n .c. 
of water to pass through at 6H° F. Tables have been worked out showing the 
factor to lie used when the apparatus is filled with smaller volumes of liquid, allow¬ 
ing different amounts to flow through. 1 

Test 8b. Hutchinson's Tar Tester. This is illustrated in Fig. 159. It was 
invented by John Hutchinson * and consists of a metal spindle 9 in long over all, 
bearing a conical-shaped disc ((') 2 in. in diameter midway between the ends, with a 
plumb-shaped weight fastened to its lower end. The instrument is supplied with 



9 




Fio. 159. -Hutchin¬ 
son’s Tar Tester. 




From A. S T M Proc. 
Fi<«. 100 -Hubbard’s 
Consistency Tester. 


three poises (/)) to lie used with tars of different consistency or gravity. The spindle 
bears two rings (A) and (If), 2 in. apart. 

The test is conducted by placing the bituminous material in a cylinder at least 
9 in. high and 4 in. in diameter, filled to $ in. of the top. The bituminous material 
is brought to exactly 77° F., the tester introduced, and the time noted for the 
spindle to sink from a to b. Poise No. 1 is recommended for tars having a specific 
gravity of 1.170-1.195, No. 2 from 1.195-1.215, and No. 3 from 1.215-1.240. 
The poises do not conform to standard weights or dimensions, and the instrument 
should not therefore lie regarded as a strictly scientific one. It is used extensively 
in England. 1 

Test 8c. Hubbard's Consistency Tester. This is an improvement over the 
Hutchinson Tar Tester, and is illustrated in Fig. 160. It is composed of a cir¬ 
cular aluminium disc A fastened to a narrow aluminium rod li, also to a hollow alumi¬ 
nium rod C\ of greater diameter, the upper end being made solid except a small 

•Bulletin No 314, U. S Dept, of Apiculture, Wash.. D C.. p. 7, 1915; "Unteraucbung der 
Kohlenwaaseratoftdle und Fette." by D. Holde, Berlin, p. 136, 1913. 

* Enf. Pit. No 22,042 of 1911. 

• **A New English Tir Tester,” Good Road», S. 337, 1912. 
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hole, large enough to allow the entry of the rod H, which is turn is threaded at the 
bottom and screwed into a conical aluminium weight 1) having a 0.J875 in. taper. 
The disc A carries 2 holes 0.04 in. in diameter, placed at opposite sides, 0.145 in. 
from the centre. The upper end of the rod H carries two scale markings, one 0.25 
m., and the other 1 25 in. above the disc .4 The bottom of the rod li is filled with 
lend dust until the instrument weighs exactly 28 g The bituminous substance is 
first brought to 77° F. and introduced into a jacketed cylinder, with a homi-spheri¬ 
cal lot tom, 3J in. deep, and 2 m in diameter The tester is then introduced, 
recording the tune required to sink !*elow the surface of the bituminous material 
from the lower to the upper marking on the rod li. 

A fairly constant ratio is claimed to exist between the results obtained with 
this tester and the Engler viscosity (i e.. introducing 240 c.c into the instrument 
and noting the time of flow in seconds at 77° F for 50 c.c. of the bituminous 



material, divided by the tune for 50 c e. of water). An Engler viscosity of 60 
corresponds to approximately 2 seconds on the Hubbard instrument, an Engler 
viscosity of 120 to approximately 4 seconds, and the Engler viscosity of 240 to 
approximately 8 seconds at 77° F 1 

Test 8d. Float Test. This instrument is used largely for testing the viscosity 
or consistency of semi-solid bituminous materials used for road purposes. The 
range of the float test is limited, and it cannot lie used with very fluid bituminous 
materials or with hard solids It accordingly fills the gap between the Engler 
viscosimeter and the Hubbard consistency tester on one hand, and the needle 
penetrometer and consistometer on the other. The test is not affected by the pres¬ 
ence of finely divided mineral matter or free carbon 

The instrument is illustrated in Fig. 161. It consists of two parts, viz.: an 
aluminium saucer-shaped float, and a conical brass collar together weighing 50 g. 

'"A New Consistency Tester for Viscous Liquid Bituminous Materials, " by Provost Hubbard 
and F. P Pritchard, Pror Am >V Tftttny Mat main, 17, Mlf>. 1017 
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together The brass collar is filled with melted bituminous material upon placing 
it against a brass plate, the surface of which has been amalgamated by treatment 
with a dilute solution of mercuric chloride and then with mercury. After cooling, 
it is levelled, placed in water at 41° F. for 15-30 minutes along with the aluminium 
float, and then screwed into the float and immediately floated with the brass collar 
downward on the surface of water warmed to the desired temjKTature. No standard 
temperature has l>cen adopted for making this test, although 90° F. is recommended 
as the hunt satisfactory in testing road binders, for which the instrument is intended. 
Very soft materials are tested at 32° F., and harder bituminous substances at 122° F. 
or 1.50° F. 

As the heat is transmitted through the brass collar into the plug of bituminous 
material, the latter softens until it is forced upward and out of the collar by the 
weight of the instrument. The time elapsing between 
the placing of the float on the surface of the water, 
and when the water breaks through the plug is taken 
as a measure of the viscosity of the material under 
examination The author has ulso found the float test 
of value for testing bitmuinous substances at a tem¬ 
perature exactly 50° F. higher than the fusing-point 
by the 13. and It. method, thereby furnishing a criterion 
of the susceptibility to temperature changes (see p. 
501), also a means of distinguishing between blown 
and residual asphalts (p. 293).* 

Test 8e. Schutte Consistency Tester. This instru¬ 
ment,, as illustrated in Fig 162, operates similarly to 
the float tester, with the difference, however, that the 
pressure is applied by a column of water above the 
plug of pitch. The melted bituminous material is first 

Courtesy of a H. Thomas ("o introduced into a brass collar 1 in. high and 1 in. in 
Fi«. 102 -Schutte Viscosity diameter. This is placed in water at the required 

'Fester. temperature fof at least 10 minutes, and then screwed 

into the tube (11>A m. long). The apparatus is immersed 
in water maintained at the required temperature so the water level just covers the 
lower shoulder of the tube, which is then completely filled with water at the given 
temperature, and the time interval recorded between the filling of the tuta and the 
displacement of the plug of bituminous material at the bottom. Check tests are 
said to agree within 5 seconds.* 

Test 9. Hardness or Consistency. This constitutes one of the most 
important tests for examining bituminous materials, and is employed 
for purposes of identification, considered cither alone or in conjunction 
with the fusing-point; for determining the adaptability of bituminous 
materials in connection with certain proposed uses; for gauging the 

1 "Controlling the Conaiateney of Bituminoue Binder*," by C N. Forreet, Eng Rcr, 59, 584, 
1909, J. ini. Eng Chtm, 1, 378, 1909, “Tentative Methods for Anal.vsts of Creosote Oil" (Serial 
Designation' D 48-17 T) of the Am Soc Testing Materials .4 $ T.M Tentatue Standard-, proposed 
in 1917, Proe .4 m Soc Testing Material*, 17, Vol I, 82(5, 1917 

*" Method* for Testing Coal Tar and Refined Tare, Oil* and Pitcbe* Derived Therefrom." 
by S. R. Church, J. Ind Eng. Chtm, J, 229, 1911 
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uniformity of supply; and for purposes of factory control. The Moh'a 
hardness scale is intended for the hardest bituminous materials, whereas 
the needle penetrometer and the consistotneter have a range of useful¬ 
ness from semi-solids to moderately hard solids. 

Test 9a. Moh’s Hardness Scale. This test has long l>ecn used for recording 
the hardness of minerals hy comparing their resistance to abrasion with substances 
of known liardness. Ten minerals are used in a graduated scale of units, vit : 
(Ij talc, (2) gypsum, (3) calcito, (4) Huorite, (f>) apatite, (t>) orthoclasc, t7) quartz, 
(S) topaz, (t>) sapphire and (10) diamond. A jaunted fragment of the standard 
mineral is moved back and forth several times on the same line, a short distance 
across the surface of the bituminous material under test If the bituminous mateiu.l 
is not seratehed, it. is harder than the mineral used, whereas if it is scratched, it 
may Ik* either softer or of the same hardness as the standard mineral. If it is of 
the same hardness, it will in turn scratch the surface of the standard mineral 
but if it is softer, it will have no effect The first four standard minerals are used 
for this jmrjKJse, as the hardest bituminous matciials encountered usually do not 
test higher than 1 on Moll's scale 

Test 9b. Needle Penetrometer. This was originally devised by II (' Howen 
m 1888 1 This fir^t crude instrument was further improved hy A W. Dow. 2 The 
Dow jienetromoter as simplified in construction by Hicliardson and Forrest repre¬ 
sents the tyjx* in use to-day, 3 Inith forms ojtcrating on the same principle and giving 
the same readings 

The KichanKon-Forrest improved penetrometer is illustrated in I'ig lf>3 The 
base A may Ik- levelled by the thumb screws li, and is attached to the standard C 
and also the platen I), which by means of a screw-shank raises or lowers the revolv¬ 
ing disc K, on which is placed the sample of bituminous material to lx* tested. The 
standard (' eairies a bracket F adjustable as to elevation by u thmnb-serew', 
also the bracket (I, which on the back carries the clock-work // timing tin* duration 
of the test by half-second lieats, and on the front the dial ./ divided into illK) degrees, 
with the hand A', marking the numlior of degrees, each of which represents one-tenth 
millimeter of jjcnctratmn measured by rack on sliding gauge /,, engaging in pinion 
on the shaft which actuates the hand K The l»evelled-cdge mirror N adjustable 
through universal joints, serves to reflect light on the sam|>h > under test. The 
plunger O acts as a brake, which holds the needle bar, representing a weight of 
50 g together with the siipermrumlx*iit weight in place, until pressed inward, 
which movement, permits the needle and weight to act upon test-block without 
friction, and is easily ojierated bv grasping the horns Q between two fingers and 

'S o) M Quartuly, 10. 297. |Wl. V S Pat 494.974 of Apr 4, 1893 to I! C Bo won; 
"Report of the Operations of the Engineer Department of the District of Columbia," p 100, for 
18X9 90. also article l>> Clifford Rirharilson in Kvy Hi coni of Oct 31, 1K9I 

*" Report of the Engineer Dept, of the District of Columliia, for year ending June .‘10, 1898," 
p 127, "Report of the Inspector of Asphalt and Cement of the Diet rut of Columbia for the year 
ending June 30. 1901," p 158, hy A W Dow. "Testing of Bitumens for I'avin* Purposes," by 
A W. Dow, Proc Am Sor Tr/tum Malmnh, I, 3. r »4, 1903. " Relation between Some Physical 
Properties of Bitumens and tills," h> A W Dow, Proc Am Sor Tenting Materia!*, i, 497, 10041. 

* "The Development of the Pen#troneter as I sed in the Determination of the Consistency 
of Semi-Solid Banners," by Clifford Richardson ar.d C N Forrest, 1‘roc Am Hoc Teihng 
\tntrnnh, 7. 020, 1907, "A Further De\elopment of the Penetrometer as Used in the Determina¬ 
tion of the Consistency of Sena-Solid Bitumens,” by C. N. Forrest, Proc. Am. 8oc, Tutwg 
.Material*, 9, 000. 1909 
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pressing, the brake-head 0 with the thumb. M represents a weight of predeter¬ 
mined capacity, either 50 or 150 g. A form of penetrometer operated by an elec¬ 
trical timing device has also been constructed. 1 A miniature penetrometer for 
portable use is illustrated in Fig. 1G4. 

Careful investigations have been made as to the diameter of the holder for the 
bituminous material;* the method of preparing the specimen;* the size and shape 
of the needle; 4 also other variable factors. 1 As a result of these, the following stand¬ 
ard test has been adopted. 4 



" Penetration is defined as the consistency of a bituminous material, expressed 
as the distance that- a standard needle vertically penetrates a sample of the material 
under known conditions of loading, time and temperature. Where the conditions 
of test arc not sjiecifically mentioned, the load, time and temperature are under- 


1 U. S. Pat. 512.087 of Jan 16, 1894 to A. W. Dow and T. R Griffith. H. W. Mahr, J. Ind. 
Eng. ('hem , 6, 133, 1914. 

»" Effact of Diameter of Bitumen Holder on the Penetration Test," by C. S Reeve, l'roc. lnt 
Assoc. Testing Materials, Sixth Congress, N. Y, XXV 3, 1912. 

•Proc. Am. Soe. Testing Mater,alt, 18. Part I. 306. 1916; "Revised Standard Test for Pene¬ 
tration of Bituminous Material*," by L. W. Page, Chem Eng Man ,,/, 84. 32, 1916. 

* A New Penetration Needle for Use in Testing Bituminous Materials," by C. S. Reeve and 
F. P. Pritchard, J. Agnc. Research, 8, 1121, 1916 

1 Effect of Controllable Variables on the Penetration Teat for Asphalts and Asphalt Cements." 
by Provost Hubbard and F. P. Pritchard. J. Agnc. Research, *, 805. 1916 
‘"Standard Test for Penetration of Bituminous Materials" (Serial Designation: D 5-16). A..S'. T. M- 
Standards Adopted i n 1916, 530. 
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stood to be 100 g., 5 seconds and 77° F. rropectively, and the units of penelration 
to indicate hundredths of a centimeter. 

“ The container for holding the material to l>e tested shall be a tlat-lmttom cyl¬ 
indrical dush, 55 min. (2A »n.) in diameter and 35 mm. (Ij in.) deep. The 
needle for this test shall lx* a cylindrical steel rod 50.S nun. (2 in.) long, having a 
diameter of 1.016 mm. (0.04 in) and turned on one end to a sharp point having a 
taper of 0 35 mm. (i in.). The water bath shall lx maintained at a temperature 
not varying more than 0.2° F. from 77° F. The volume of water shall not lie loss 
than 10 litres, and the sample shall lx immersed to a depth of not less than 
10 cm. (1 in.) and shall lx supported on a perforated shelf of not less than 
5 cm (2 m ) from the Ixittom of the bath. Any apparatus which will allow the 
needle to penetrate without appreciable friction and which is accurately calibrated 
to yield results in accordance with the definition of jxnotration, will lx acceptable. 
The transfer-dish for container shall lx a small dish or tiav of such capacity as 
will insure complete immersion of the container during the test. It shall lx pro¬ 
vided with some means which will insure a firm Ixaring and prevent rocking of the 
container. 

The sample shall be completely melted at the lowest possible temperature and 
stirred thoroughly until it is homogeneous and frir from :ur bubbles. It shall then 
be (Haired into the sample container to a depth of not less than 15 mm. (* m ) The 
sample shall be protected from dust and allowed to cool in an atmosphere not lower 
than 05° F. for 1 hour It shall then be placed ill the water bath along with the 
transfer dish and allowed to remain 1 hour 

“In making the test, the sample shall lx* placed in the transfer dish, filled with 
water from the water bath at sufficient depth to completely cover the container 
The transfer dish containing the sample shall then Is* placed ujxin the stand of the 
penetration machine. The needle, loaded with sjxeified weight, shall lx adjusted 
to make contact with the surface of the sample This may be accomplished by 
making contact of the actual needlc-|xiint with the image reflected by the surface 
of the sa m (lie from a projxrly placed source of light. Kit her the reading of tin* 
dial shall then lx noted, or the needle brought to aero The needle is then released 
for the s|xcified period of time, after which the jxnet ration machine is adjusted to 
measure the distance penetrated. 

“At least three tests shall 1 m- made at |M>mts on the surface of the sample not less 
than 1 cm (J in ) from the side of the container, and not less than 1 cm. apart. 
After each test the sample and transfer dish arc returned to the water bath nnd the 
needle shall be carefully wi|xd toward its (sant with a clean dry cloth to remove nil 
adhering bituminous matter. The rejMirted (xnetration shall lx* the average of at 
least three tests whose* values shall not differ more than 4 (Hunts between maximum 
and minimum. When desirable to vary the temperature, tune and weight, and to 
provide for uniform method or rejsirting results when such variations are made*, 
the samples shall lx melted and cooled in air as aUive directed. They shall then be 
immersed in water or brine, as the case may require, for 1 hour at the temperature 
desired. The following combinations are suggested: 

32* F.; 200 g. weight; 60 seconds, 

77° F.; 100 g.’weight; 5 seconds, 1 
115° F.; 50 g. weight; 5 seconds.” 

1 Inserted by author. Not included in the printed method publuhcd by the Am. 8oc. Tnting 
Material! 
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The principal shortcoming of the needle penetrometer is the fact that the read¬ 
ings at various temperatures (115, 77, and 32° F. respectively) must be expressed 
on different scales, and are therefore not comparable. It is difficult and in many 
cases impossible to interpret the extent of the physical change from the range in 
readings, upon subjecting a bituminous substance to variations in temperature. 
In addition, the scope of the penetrometer is limited, as it will not answer for either 
semi-liquid or hard bituminous materials. These objections are overcome in the 
consistometer. 

Test 9c. Consistometer. This instrument is constructed according to scientific 
principles, and may accurately be duplicated at any time. It registers the degrees 
hardness on a scale ranging from 0 to 100, and is suitable for determining the hard¬ 
ness of substances as soft as vaseline (which will test 0.3 at 77° F.) to sub¬ 
stances as hard as gilsonite (testing in the neighborhood of 100 at 77° F.). In 
all cases, the hardness or consistency is expressed as the cube root of the number 
of grams which must be applied to a circular flat surface 1 sq.cm. (100 sq.mm.) 
in area, to cause it to displace the substance at a speed of 1 cm. per minute. 
Readings for all bituminous substances and at all temperatures (whether 115, 77 
or 32° F.) are expressed on a single scale. The harder the substance, the greater 
will be its hardness expressed numerically. 

Four mushroom-shaped plungers are used, each having a round flat head with 
a reduced shank, so the perimeter of the penetrating surface forms a “ knife ” edge. 
This entirely eliminates the fractional adhesion of the bituminous substance to the 
sides of the plungers. The flat heads of the plungers are made in the following 
dimensions: 


Plunger 

Diameter m mm 

Area in a<i mm 

No 1 . 

1 13 

1 

No. 10 

3 57 

10 

No. UK) 

11 28 

100 

No 1000 

35.67 

1000 


The method of testing consists in forcing one of the plungers into the substance 
at a uniform speed of 1 cm. per minute. The force is automatically registered in 
grams or kilograms. For any plastic substance, the number of grams required to 
effect this displacement is directly projiortionnl to the volume displaced. The vol¬ 
umes displaced per minute by the resjiective plungers are 0.1, 0.10, 1 00 and 10.0 c.c. 
resjiectively. The relation between the plungers is therefore in the direct propor¬ 
tion of 1:10:100:1000. 

For the sake of uniformity, all readings are expressed in terms of the numlier of 
grams applied to plunger No. 100 (1 sq.cm.). In other words, the readings obtained 
with plunger No. 1000 are divided by 10, those obtained with plunger No. 10 are 
multiplied by 10, and those obtained with plunger No. 1 are multiplied by 100. 
The hardness or consistency is equal to the cube root of this number of grams. 

Two interchangeable springs are supplied, one registering in grams on a scale 
ranging 0 to 1000 g., in 10 g. divisions, and the other for rending in kilograms on a 
scale ranging from 0 to 10 kgs., in 0.1 kg. divisions. In using plungers No. 1 
and No. 10, the kilogram spring only should be employed. In using plunger No. 
100 either the gram or the kilogram spring may lie employed, depending upon the 
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hardness of the material. In usinjt plunder No. 1000. the gram spring onlf alioultl 
be employed. The relations are expressed in the follmvmit table: 


Plunger 


Spring 


Actual 

Heading 


Convert!* i 
to cram* |ht 1(H) 
B<i mm Plunger 


Cube Hoot grams 
Appluvi 100 
b<] nyn Plunger. 


1000 sq.mm. 


100 aq mm 


10 X| mm 

1 aq mm 


I From 10 g 
l to 1000 g 

/ From 100 g 
1 to 1000 g 


1 

100 

100 

1.000 


Too 

4.04 
4 04 

10 00 


Kg 


/ From 1 0 kga 1,000 
l to 10 0 kgs 10,000 


10 0 
21 S 


Kg 


( From 1 0 kg 10.000 

t to JO 0 kgs 100.000 


21 5 

40 4 


Kg 


From 1 0 kg 
to 10 0 kgs 


10 >,000 40 4 

1,0 HI,000 100 0 


TjiI> lo XXXVI Shows (lie relation between (In* eon- 
sistometer readings and degrees hardness, bearing in mind 
that in every case the hardness is designated as the ruin* 
root of the number of grains applied to the No 100 plunger 
(area 100 sq.mm.), to cause it to displace the sulwtanco 
at a speed of 1 cm. per minute. 

The consistometer is illustrated in Fig. 165. It is first 
levelled by the four screws A. The spring H is then 
attached, selecting the gram spring for soft, substances, 
or the kilogram spring for hard substances. The steel 
shaft V is inserted and screwed firmly into place. The 
plunger I) should then lie screwed into the lower end of 
the shaft. Plunger No. 1 is used for hard and brittle 
substances, plunger No. 10 for moderately hard solid 
substances, plunger No. 100 for moderately soft semi¬ 
solid substances, and plunger No. 1000 for semi-liquid 
substances. 

The scale E is graduated in grams on one side, and 
kilograms on the other, and is reversible. It should be 
attached so that the graduations will correspond with 
the spring used, and adjusted so the indicator F will rest 
at the 0 division. The maximum indicator G is also 
brought to the 0 division using the small instrument //. 

The bituminous substance is melted at the lowest 
possible temperature and poured into a small receptacle 
as described for the needle penetration method. The tin 
box J containing the bituminous substance is then sup¬ 
ported underneath the machine in a vessel of water (not 
shown) maintained at the temperature at which the test 
is to be performed. The pressure is applied to the plunger 
by turning the hand-wheel 0, and the speed of displacement 



Fio. 165.—Consistometer 
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TABLE XXXVI 

FOR CONVERTING CON3ISTOMETER READINGS INTO POINTS HARDNESS 
PtrwoBB No, 1000 (1000 bq mm )— Gram SpRisn,_ 


Gram* 

Applied 

0 

10 

20 

30 

40 

50 

GO 

7° 

80 

90 

0 

0>00 

1 00 

1 26 

1.44 

1 59 i 

1 71 : 

1 82 

1 91 

2 00 

2 08 

100 

2 15 

2 22 

2 29 

2 35 

2 41 

2 47 | 

2 52 

2 57 : 

2 62 

2 67 

200 

2 71 

2 7ft 

2 80 

2 84 

2 88 

2 92 

2 9ft 

3 00 

3 01 

3 07 

300 

3 11 

3 14 

3 17 

3 21 

3 24 

3 27 

3 30 

3 33 

3.3ft 

3 39 

400 

3 42 

3 45 

3 48 

3 50 

3 53 

3 5ft 

3 58 

3 51 

3 63 

3 66 

500 

3 08 

3 71 

3 73 

3 7 ft i 

3 78 

3 80 

3 83 

3 85 

3 87 

3 89 

600 

3 01 

3 94 

3 9ft 

3 98 ! 

4 (K) 

4 02 

4 01 

4 Oft 

4 08 

4 10 

700 

4 12 

4 14 

4 1« 

4 18 

4 20 

4 22 

4 24 

4 25 

4 27 

4 29 

800 

4 31 

4 33 

4 34 

4 3ft 

4 38 

4 40 

4 41 

4 43 

4 15 

4 46 

900 

4 48 

4 50 

1 51 

4 53 | 

1 55 

4 5ft 

1 58 

l 59 

1 (11 

1 63 



PLI'NOKK 

No 100 (100 

mm ) Guam Spring 



100 

4 04 

4 79 i 

4 93 

5 07 

3 19 

5 31 

5 43 

5 54 

5 05 j 

5 75 

200 

5 85 

5 91 

ft 04 

ft 13 

ft 21 

ft 30 

ft 38 

6 4ft 

ft 54 

ft 62 

300 

ft 09 

ft 77 

0 84 

ft 91 

ft 98 

7 05 

7 11 

7 18 

7 24 

7 31 

400 

7 37 

7 43 : 

7 49 

7 55 ; 

7 ftl 

7 6ft 

7 72 

7 775 

7 83 

7 88 

500 

7 94 

7 99 

8 01 

8 09 

8 14 

8 19 

8 21 

*8 29 

8 34 

8 39 

000 

8 43 

8 48 

8 53 

8 57 

8 02 

8 fift 

8 71 ; 

8 75 

8 79 

8 81 

700 

8 88 

8 92 

8 9ft 

9 00 

9 045 

9 09 

9 13 ; 

9 17 

9 21 

9 21 

800 

9 28 ! 

9 32 

9 3ft 

9 10 

9 41 

9 47 

9 51 | 

9 55 

9 58 

9 (.2 

WOO 

9 05 

9 09 

9 73 

9 7ft 

9 80 

9 S3 

9 8ft j 

9 90 

9 93 

9 97 


Pl.l'MlKH No 100 (100 s (/ MM )- KlI.O Sl’IMVO 


K |M 
Applied 

0 0 

0 1 

o : 


o : 

1 

0 1 

l | 

o ; 


0 ft | 

o; 

1 

0 f 

1 j 

0 9 

1 0 

10 

0 

10 3 

10 

ft 

10 

9 

11 

2 | 

it 

4 ' 

117 , 

n 

9 

12 

2 

12 4 

2 0 

12 

ft 

12 8 

13 

0 

13 

2 

13 

4 

13 

6 

13 75 ; 

13 

» 

14 

1 

11 3 

3 0 

14 

4 

14 0 

14 

7 

14 

9 

15 

o ; 

15 

2 i 

15 J 

15 


15 

6 

15 7 

4 0 

15 

0 

111 0 

1ft 

1 

I ft 

3 

Ift 


16 

5 

Ift ft 

1ft 

75 

1« 

9 

17 0 

5 0 

17 

l 

17 2 

17 

3 

17 

1 

17 


17 

65 

17 8 

17 

9 

18 

0 

18 1 

ft 0 

18 

2 

18 3 

18 

4 

18 

5 

IS 


18 

7 

18 8 

18 

85 

18 

95 

19 0 

7 0 

19 

1 

19 2 

19 

3 

19 

1 

19 


19 

ft 

19 7 

19 

75 

19 

8 ! 

19 9 

8 ll 

20 

0 

20 1 

20 

2 

20 

25 

20 

3 . 

20 

1 

'■ 

20 

ft 

20 

65 

20 7 

9 0 

20 

s 

20 9 1 

20 

95 

21 

0 ' 

21 

1 

21 

2 

1 21 25 

21 

3 

21 

1 

21 5 





Via 

N( 1 KK No 

10 

(10 HO MM 1- 

Kir, 

II Spill\|| 






I 0 

21 


22 2 

22 

9 

23 

5 

21 

1 

24 

7 , 

25 2 . 

25 

7 

2ft 

2 

2ft 7 

2 0 

27 

1 

27 ft 

28 

0 

28 

4 

28 

8 

29 

2 

29 ft 

30 

0 

30 

4 

30 7 

3 0 

31 

1 

31 1 

31 

7 

32 

1 ; 

32 

4 

32 

7 | 

33 0 

33 

3 

33 

6 ; 

33 9 

4 0 

34 

2 

34 5 

34 

8 

35 

0 

35 

3 

35 

0 

35 8 

36 

1 

36 
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controlled by following the pointer K, on the dial L, which should be caused to 
revolve at the same speed as the second hand of a chronometer M, conveniently 
suspended alongside. The numliers on the dial I. correspond with those of the 
second hand on the chronometer. One revolution of the pointer K indicates that the 
plunger has moved downward exactly one centimeter. 

At the termination of 60 seconds, after the pointer on the dial has made one 
revolution, the pressure on the plunger is relieved. The reading of the maximum 
indicator G on the scale K is then noted, and the corresponding degree of hardness 
ascertained by referring to the table. 

When the plunger commences to displace the sulistance at the specified speed 
of 1 cm. per minute, a maximum reading is obtained which should remain constant 
throughout the entire displacement. The consistometer is simple to 0 |ierate, gives 
closely concordant results, expresses the readings obtained at all temperatures on 
one scale and has a sufficiently great range lo i,.elude all bituminous substances 
ordinarily encountered. 1 

Test 9d. Susceptibility Factor. This factor is a numerical expression representing 
the susceptibility of a bituminous substance to temperature changes The more 
susceptible the material the higher will be its ''susceptibility factor." It is cal¬ 
culated from the consistometer hardness and the K and S fiising-|simt (Test I.Vi) 


in the following manner: 

Susceptibility Factor' 


(Hd at 32° F.) —flld at 115° F.) 
Fusing-jaunt, K and ,S. Method 


X100 


This factor is useful as a means of identification; for predetermining the adapta¬ 
bility of the sulistance for certain usages; gauging its uniformity of Bu|>|>ly; and 
for purjxxses of factory control. This factor laws no relation to the hardness or 
fusing-point, and is sulislantially constant, for bituminous substances derived from 
the same source or jiroduccd by the same general jirocess. In the case of blown 
petroleum asphalts, it furnishes an indication of Ihe extent to which the sulistance 
has been blown; the further the process having liecn continued, Ihe smaller (he 
factor expressed numerically. With residual asjihalts derived from any one crude, 
the susceptibility factor will remain constant, regardless of Ihe extent to which the 
distillation has progressed. 

By means of the susceptibility factor, bituminous materials may l» roughly 
divided into the following grou|», vis • 

Suseepbbdity Factor under -10: Includes blown jietroleu n asphalts, fatty-acid 
pitches and fluxed asphaltites 'having a factor between 8 and 40); also wurtsilit* 
asphalts {having a factor between 30 and 40). 

Susceptibility Factor between 40 awl BO- Includes residual asphalts. 

Susceptibility Factor am 60: Includes mineral waxes, pitches derived from tars, 
and asphaltites (of which the susceptibility factor varies from 75 to over 100). 

Native asphalts have been excluded from the foregoing groups, since their sus¬ 
ceptibility factors vary widely, ranging from 15 to greater than 100. The author 
has never examined a bituminous materia! having a susceptibility factor lower than 8.* 


1 "Improved loetnimenb for the Phyebal Teelinx ot Wtumlnou. Material-." bjr Herbert Aha- 
ham. pZ I. Sot. Tt.nn, Moltrtol,. S, MS. 1809. II, 67S, 1911; l.\ H. Pat. 989,471 of Apr. 

11, 1911 lo Herbert Abraham. .__ 

Improved Instrument* for the Physical Tsst.n* of Bituminous Materials, by Herbert 
Abraham, Proc. Am. Sor.. Tedirm MatmaU, It, 683, 1911. 
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Test 10. Ductility. This represents the capacity of the bituminous 
material for elongating or stretching. The test is of value for identify¬ 
ing the bituminous substance, for indicating its adaptability in con¬ 
nection with certain usages, for gauging its uniformity of supply, and 
for purposes of factory control. The ductility test often enables us to 
differentiate between blown petroleum asphalts and native or residual 
asphalts. Most pitches derived from tars are extremely ductile, but 
fatty-acid pitches are variable in this respect. The ductility test is 
useful for predetermining the adaptability of bituminous materials for 
paving purposes, for adhesive compounds to be used in connection with 
waterproofing or built-up roofing work, and for manufacturing surface 
coatings of prepared roofings. Wherever the bituminous material is 
subjected to extensive changes in temperature or vibration, it is im¬ 
portant that it should have high ductility within tiie particular tem¬ 
perature range to which it will he subjected. \\ i(ii every bituminous 
substance there exists a certain temperature, usually within 10 to 30° R 
of its fusing-point (K. and S. method), at which the ductility attains 
a maximum. A ductility curve constructed for any bituminous sub¬ 
stance over a range of temperature assumes the same form as the 
probability curve in higher mathematics. It is desirable that the 
maximum ductility should coincide as closely as possible with the 
average temperature to which the material is to lie subjected. 

There are two methods in use, depending upon the construction of 
the moulds, namely one devised by A. W. Dow, and one proposed by 
the author. 

Test 10a. Dow Ductility Test. The Dow mould is constructed of four brass 
parts as illustrated in lhg. 160, and of the following dimensions: external length 
t) cm., internal length 7.5 cm., distance between the 
ends of clips .'1.0 cm., ext nine internal width of mould 
3.0 cm., internal width at mouth of clips 2.0 cm., 
internal cross-section half-way between clips 1.0 cm., 
and thickness of briquette 1 0 cm. 1 The two centre 
pieces should lie well amalgamated to prevent the 
Courtesy ot Humboldt Ml*. Co. bituminous material from adhering, and the mould 
Fio. 166.—Dow Ductility Mould, assembled on an amalgamated brass plate. The 
bituminous material is melted at the lowest possible 
temperature, poured in a steady stream into the centre of the mould, and a slight excess 
added to allow for shrinkage on cooling. The mould is cooled in air and levelled off with a 
hot spatula. The two centre pieces are then removed, leaving the briquette of bitumi- 

1 "The Tpelirg ol Bitumens for raring Purposes." by A W. How, P.or Am Soc Tr,l,«t 
Materials, 8, 352, 1903; "Report of the Commissioners of the Diet of Columbia, for the year 
ending June 30, 1904,” p 42. "Methods for Testing Asphalt” by A. W Dow, Chcm Eng, 1, 

330, 1905; "Tests of Asphalts for Paving Purposes," by A. W Dow and F. P Smith Munic 
Eng., 40, 437, 1911. 
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nous material hold at either end by the clips, and carefully transferred tq a-vessel 
of water nuuntamed within 1 degree of the required temperature for at least 1, 
but not longer than 2 hours The c1i|ks should then lx* pulled apart under water 
maintained within 1 degree of the required temperature, at a uniform rate of Ajx*ed 
of 5 cm. per minute. The line of pull should l>e horizontal or nearly so, and the 
separation effected without appreciable vibration. Three testa should lie averaged.* 



I lo. lt»7 Smith Ductility Machine. 


It is customary to make this test at throe temperatures, viz : 115, 77 and 32° F. 
Various machines have l»een promised for this purpose, including the one devised by 
Smith, illustrated in Fig 107.* 

An instrument with a dynamometer attachment adapted to use the Dow mould, 
measuring Imth the ductility and “cementi- 
tiousness ” (tensile strength) has been dc- 
scnlH'd by I/'ster Kirschbraun 1 This device 
is essentially the same as that which had 
l>een previously deserilied by the author in 
1910 (.See test lOft) 

Test 10b. Author’s Ductility Test. An 
improved mould designed by the author, 
is illustrated in Fig ION and shown in 
cross-section in Fig 109 It consists of two 
cylindrical sections constructed of hardened 
steel, resting together on circular knife- Fu;. 108.—Author’s Ductility Mould. 

•**Report of Sub-Committee on Ductility Testa." Proe Am Sac Tinting Maltnah, Part l, 11, 
349, 1915 

* "Machine tor Testing the Ductility of Bituminous Paving Cement*," by F. P. Smith, Proc. 
Am Soc Tinting Material*, t. 594. 1909 

•"The Cementing Value of Bituminous Binder*," by faster Kirsrhbraun, J. tnd Eng ('/m , 
I, 97G, 1914; U. H Pat 1.1S0.5OG of Apr 25. 191G 
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edges and, maintained in that position by three guide pins. It is filled by unscrew¬ 
ing the upper cap and pouring in the melted bituminous substance, which on 
cooling forms a prismoid, whose altitude is 2.5 cm., the end-are is 1 8 cm. in diam¬ 
eter, with a minimum <ross-section at the centre of exactly 1.0 sq.cm. (1.28 cm. in 
diameter). The upper cap is screwed in place, the mould fastened in the tcnsom- 
eter and the two halves separated at the uniform speed of 5 cm. per minute. 
The elongation in cms. at the moment the material parts is a measure of its 
ductility. 1 

This mould has a number of advantages over the Dow type, including its adapta¬ 
bility to testing semi-liquid and semi-solid bituminous materials, no amalgamation 
is necessary, there is no danger of the material breaking in the mould upon being 



cooled to the proper temperature, the personal equation is eliminated in filling 
the mould with the assurance that the minimum cross-section will lie exactly the 
proper size, and only a small quantity of the material is required in making the test. 

The tensoincter is illustrated in Fig. 170. The two sections of the mould A -1 
and A-2 are clamped between the guides IM and B- 2, the lower section being fast¬ 
ened to the stationary cross-piece C by the pin /M, and the upjier section to the 
movable cross-head E by the pin D-2. The cross-head is attached to the cliain F 
which passes over the sprocket-wheel G fastened to the dynamometer H, and then 
around a suitable winding mechanism /. The specimen is drawn apart by turning 
the hand-wheel J which operates the endless chain K running on the sprocket 
wheels M and L-2. The dynamometer is equipped with a trigger M to prevent 
recoil. The chain F also connects with a train of gears operating the brass pointer 
N pressing against the dial 0 which is formed of vulcanite or some other insulating 

i" Improved Instrument* for the Physic*] Testing of Bituminous Material*," by Herbert Abra¬ 
ham, Proe. Am, Soc Te»t\n 0 Maitrialt, 10, 444, 1910; 11, 879, 1911. 
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Its face is marked in one hundred divisions, each consisting of tt metallic 
Ah the pointer brushes over these contacts it momentarily closes an 

E rcuit which ojx>rates tho relay P t 
‘ click.” The relay is connected with 
cs^nnd the switch K. One evolution 
nter indicates that the halves of the 
e lx*cn sejiarated a distance of exactly 
, and a movement of the jxnnter over 
m of the dial corresponds to a centi- 
in the section A-2. 
iidcs /M and H-2 an* pivoted at *S*l 
which jiermits the glass reservoir T 
[>ed into place, whereu|K>n they are 
a |M»Mtion by the liolt U. 'I'he n*ser- 
)cd with water maintained at the 
inpcnitun* by the heating coil V’ in 
i the incandescent lamps V. The bath 
glinted ujhui squeezing the bulb IP, 
es air through the liquid. The valve 
•mptying the reservoir. The speed is 
by a metronome with a Ml attach* 
to ring every 12 seconds, or 5 times 
e. The sjieod with which the crank 
nwt l>e regulated so that the 14 clicks ” 
ly an* brought into unison with the 
ic metronome. 

The reservoir should l»e filled 
witha liquid havingalsmt the same 
specific gravity as the bituminous 
material tested, ho the thread of 
material will neither have a ten¬ 
dency to float nor sink while tin* 
moulds an; Mng separated. The 
O|»erator must watch the s|>ecimen 
as sections A and li separate, and 
he should cease turning the crank 
at the moment the thn*ad parts. 
The dynamometer indicates the 
tensile strength of the substance in 
kilograms (Test 11), and the dial 0 
il« ductility in centimeters. The 
substance is usually tested at 116, 


Fig. 170—Tensometcr. 


Test 11. Tensile Strength 
by the Author's Method. This 
is recorded on the tensometer 


as described in Test 10ft, and is equal to the maximum reading in 
kilcgrauis as the two halves of the mould separate. It is a measure 
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of cohesiveness or cementitiousness and is of value in determin¬ 
ing the adaptability of a bituminous substance for certain definite 
purposes, especially for paving, manufacturing adhesive compounds 
for waterproofing and built-up roofing work, bituminous substances 
for electrical insulation, moulded articles, pipe joints, etc. The 
tensile .strength is ordinarily tested at 115, 77 and 32° F. For each 
bituminous substance, there is a critical temperature at which the ten¬ 
sile strength tests a maximum, and this is generally coincident with the 
temperature at which the ductility approaches 0. This phenomenon 
may be explained by the disappearance of plasticity and associated 
cohesiveness at temperatures when the substance becomes transformed 
into a brittle solid. The tensi'e strength curve is also similar in form 
to the probability curve in higher mathematics. There appears to be no 
definite relation between the hardness and tensile strength of bituminous 
substances. With residual asphalts manufactured from the same crude, 
the tensile strength is reduced after the distillation progresses beyond 
the hard and brittle stage. Excessive blowing produces the same 
results, but to a lesser degree. 

Test 12. Adhesiveness Test. This test serves as a measure of the 
adhesiveness of the bituminous material, and it is of primary impor¬ 
tance in ascertaining its adaptability for certain definite usages, as, for 
example, in road building, preparing compounds for water-proofing 
and built-up roofing work, cements, etc. It represents the capacity of 
the substance to adhere to solid objects with which it may be brought 
in contact, and differs entirely from the cohesiveness or tensile strength 
referred to in Test 11. Various instruments have been proposed for 
this purpose including those devised by Fulweiler, 1 Osborne, Kirschbraun 
and others. 

Test 12a. Osborne Adhesive Test. This is designed especially for measuring 
the adhesion of semi-liquid to serni-sotid road oils suitable for the construction 
of carpet or seal coats (p. 307). 

The apparatus is illustrated in Fig 171 and is composed of two concentric 
cylinders. The stationary inner cylinder is hollow and measures exactly 1.005 in. 
in diameter. It, is maintained at, 77° F., by a stream of water circulating through 
it, entering and leaving by the horizontal tuties shown to the right, one tearing a 
thermometer to register its temperature. The movable outer cylinder or collar, 
2.000 in. in diameter and 2 in. wide is caused to revolve on the inner cylinder 
with a uniform layer of the bituminous materia! to be tested in iretween, by being 
wound with a cord attached to a 3 kg. weight. The thin film of bituminous mate¬ 
rial between the cylinders offers a resistance of this turning, and the adhesive 

i"A New Machine tor Teetine Pitch," by T, Y, Olecn, Free Am .See, Trihno Matmnli, 10, 
foa, 1010, "Impact T patina Marhine (or Pitch," by W, H. Fulweiler, Am. Auw. A dr. Sci, 
Waah, V. C., 1911; " Uood Roade,” I, 81, 1912. 
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value is measured bv recording the length of time required for three .rortiplete 
revolutions of the collar 1 lalile XXXIII includes tests rejsirttsl by the designer 
of the machine, the float test having ken ascertained at tat" K. (Test Sd), and the 
viscosity by the lingler viscosimeter at 212“ I' (Test Su) 



l't»uitfgj fit (' R n w l)tinif Courtesy of I! I! Sargent Co 

Fkj 171 —OsljoriH* Adhesiu* Tester Fir,. 172—Kirschbraun Adhesive Tenter. 

Test 12b. Kirschbraun Adhesive Test. 'Phis is designed for (eating semi-solid 
10 solid bituminous materials The instrument is constructed as illustrated in Fig. 
172, consisting of a dynamometer with a maximum-reading indicator having a hall 
attached to its lower end. A platform with side clips for holding the container 
of the bituminous material is attached to a threaded bar, geared to a crank for 
raising or lowering the sample TIm* container is provided with side flanges by 
which it is held on the platform The bituminous material is jsmrcd into the cup 
so as to enclose the ball, and when cooled to the desired temjx*rature, the platform 
is lowered at a uniform s[ieed until the ball withdraws from the s|>eeiinen under test. 
The adhesion is recorded by the dynamometer 

1 Pm ate commune at ion from Clareme It Oil**rne ol the California Highway Commltalon, 
Sacramento. Cal 
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TABLE XXXVII 


8p.«r, 
st 77* F. 
Test 7) 

Solubil¬ 
ity in 
Carbon 
Disul¬ 
phide 
(Test 
21a) 

Flash¬ 
point °F 
(Test 17) 

Burning 
Point °F. 
(Test 18) 

Float 
Test at 
90° F 
(Test 8 d) 

Viscosity 
Test at 
212° F 
(Test 8n) 

Osborne 
Adhesive 
Test at 
77° F 
(Test 
12a) 

Loss in 

5 Hours 
325° F 
(Tost 
16) 

Float 
Test at 
90° F. 
after 5 
Hours 

at 

325° F 

Cr 

/c 

\sphalt 
(of 80 
Penetra¬ 
tion at 
77° F) 
at 400° 
F. 

Hours 
Heated 
at 400° 
F. 

0 908 

99 74 

339 

460 

390 

1312 

090 

2 68 

1113 

92 0 

9 0 

ft 935 

99 78 

216 

290 

72 

427 

26 

15 37 

8055 

80 0 

3 5 

1.001 

99 83 

277 

415 

186 

584 

281 

3 48 

706 

89 1 

8 5 

0 979 

99 91 

325 

450 

93 

334 

40 

3 24 

149 

86 2 

25 0 

0 971 

99 90 

280 

355 

29 

143 

5 5 

8 01 

86 

75 6 

32 0 

0 982 

99 93 

360 

525 

187 

591 

208 

0 90 

234 

92 5 

30 0 

0 973 

99 8(1 



29 

129 

6 2 

12 58 

132 

70 2 

8 0 

0 997 

99 9ft 

330 

420 

143 

438 

125 

1 71 

225 

87 7 

14 0 

0 99(1 

99 1(1 



051 

1573 

1,006 

0 17 

1019 

95 5 

14 0 

ft 993 

99 94 



146 

481 

119 

4 28 

315 

86 0 

10 0 
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413 

80 





0 995 

99 85 



280 

946 

430 

3 09 

837 

91 7 

10 0 

0 990 

99 78 
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113 

73 

2 43 

217 

81 3 

14 0 

ft 992 

99 78 

350 

426 

130 

430 

99 

4 43 

292 

84 2 

14 0 

0 993 

99 77 

340 

428 

141 

436 

110 

5 22 

368 

84 7 

14 0 

() 998 

99 77 



181 

566 

197 

1 94 

284 

90 2 

19 0 

0 98(1 

99 9(1 

358 

480 

132 

474 

141 

2 31 

214 

89 0 

20 0 

ft 984 

99 88 

441 

528 

230 

724 

409 

0 27 

289 

93 0 

26 0 

0 996 

93 95 

345 

418 

133 

414 

112 

5 81 

379 

85 0 

10 0 

ft 998 

99 82 

428 

518 

420 

1238 

450 

0 36 

538 

94 0 

4 5 

ft.991 

99 83 

318 

410 

136 

419 

104 

4 19 

277 

85 0 

13 0 

1.027 

99 59 

304 

420 

1702 

4090 

3,960 

3 88 

115* 

92 9 

3 0 

0 991 

99 85 

315 

405 

201 

630 

315 

4 2 

591 

88 0 

8 0 

0.984 

99 92 

320 

522 

212 

727 

313 

0 G 

302 

92 3 

20 0 

0 992 

99 91 

280 

474 

147 

425 

90 

2 3 

259 

88 5 

12 0 

0 997 

99 90 

310 

418 

151 

552 

161 

5 9 

496 

85 5 

7 0 

I 007 

99 (19 

250 

400 

575 

2108 

590 

6 5 


89 6 

3 0 

0 997 

99 95 

335 

428 

219 

882 

218 

5 2 

720 

88 3 

6 0 

0 992 

99 73 

235 

365 

310 

1370 


9 0 

136* 

87 0 

3 0 

0 990 

99 96 

360 

440 

454 

873 

710 

1 4 

839 

90 6 

7 0 

1 012 

99 84 

385 

49t 

8490 

8342 

20,880 

1 5 

7(1* 

97 2 

1 5 

0 994 

99 77 

385 

470 

308 

709 

670 

2 2 

570 

88 2 

15 0 

0 984 

99 93 

315 

525 

208 

666 

310 

0 5 

226 

92 2 

28 0 

0 980 

99 65 

420 

530 

849 

900 

928 

0 6 

887 

95 0 

13 0 

1 017 

99 84 

380 

470 

147* 

9213 

10,710 

1 7 

85* 

97 0 

2 5 

0 091 

99 90 

405 

525 

429 

925 

520 

1 0 


95 2 

20 0 

0 998 

99 94 



210 


260 

2 8 


88 0 

11 5 

0 997 

99 86 



320 


487 



92 0 

7 5 

1 006 

99 67 

380 

480 

142* 

8015 

15,600 



97 8 

1 5 

0 989 

99 93 

315 

398 

137 

445 

164 



84 2 

17 0 

1 021 

99 80 

375 

485 

140* 

8220 

22,.500 



98 1 

1 5 

0 995 

99 78 



150 


150 



86 9 

13 0 


* Penetration at 77° F. 
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HEAT TESTS 

Test 13. Odor on Heating. This test serves as a valuable guide 
for identifying bituminous materials. The f illowing subslanees in partic- 
tllar may Ik- recognized when present in the pure state or in admixture 
with other substances, by their characteristic odor evolved upon heating. 

(Iil-ijiix-lur Pilch, Wa/er-ffiin-far I’llcli amt Coal-tar Pitches: Odor, acrid, 
sharp and penetrating. 

WomlAar Pilches: Odor somewhat similar to that of coal-tar pitches, 
also characteristic but less sharp and intense. 

FaUij-ueitl Pitches. Odor sweetish and bland, also characteristic. 

Asphalts (including native and pyrogenous asphalts): Odor oily and 
some cases slightly sulphurous. 

(!ilsomte: Odor characteristic but cannot very well la: describ'd in 
words. 

Test 14. Subjection to Heat. Certain bituminous substances lie- 
have in a characteristic manner upon subjecting them to the influence 
of heat, which also assists in their identification. 

Test 14a. Behavior on Melting. Some bituminous materials puns rapidly from 
I he solid to the liquid state on heating, as for example the mineral waxes, most of 
the native asphalts, residual asphalts, sludge asphalts, peat-tar pitch, lignite-tar 
pitch, oil-gas-tar pitch, water-gas-tar pitch, and the coal-tar pitches On the other 
hand, many bituminous materials, csjieeiully those of a low susceptibility factor 
(Test melt sluggishly, and pass through an intermediate “pasty” stage; as 
for example blown petroleum asphalt, wurtzihte asphalt, asphidtites and the sajioni- 
fiable fatty-acid pitches The same is manifested by any bituminous materials 
containing large proportion of mineral matter, also those which have lieen sul¬ 
phurized Capp and Hull have devised a method for depicting this graphically.’ 

Test 14b. Behavior on Heating in Flame. This test is cs[>ecially useful for 
hard and solid bituminous materials, and constitutes a rapid method for distin¬ 
guishing lietween those which are fusible and infusible. Fusible bituminous sub¬ 
stances, including the mineral waxes, asphalts, asphaltites and pitches will Ijchuve 
in one of the following ways: they may simply soften and flow, as proves to lie 
the case with mineral waxes, asphalts, gilsonite, glance pitch at^d the true pitches. 
If moisture is present, these substances will decrepitate (Jrahamite acts in a 
characteristic manner, those varieties showing a hackly fracture, soften, split and 

‘"A Method for Studying the Effect* of Temperature upon the Physical Condition of As¬ 
phalts. Waxes, etc.." by J A Capp and F A Hull l‘rot Am Soc Testing Mulenoti 17, 027, 1917. 
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burn In the flame, whereas those showing a conchoklal fracture decrepitate vio¬ 
lently even when no moisture is present. 

The asphaltic pyrobitumens also behave in characteristic manners. They will 
not fuse in the flame, but when dry, act as follows: elatcrite and wurtzilite burn 
quietly, albcrtite intumesecs, whereas impsonite decrepitates. 

Test 15. Fusing (“Softening”) Point. 1 This constitutes one of the 
most valuable all-around tests. It is used for purposes of identifica¬ 
tion, especially with materials fusing at a high temperature, such as 
the asphaltitcs, and is particularly useful in this connection upon tak¬ 
ing into consideration the specific gravity and hardness. It is also 
used for ascertaining the adaptability of a bituminous material for 
certain definite usages, including its resistance to the sun or artificial 
heat. The fusing test serves to gauge the uniformity of supply, and 
on account of its rapidity and accuracy, is used extensively for pur¬ 
poses of factory control. Several methods have been proposed for this 
purpose, viz.: 

Test 15a. Kraraer-Sarnow Method. This method is rapid, accurate, and adapts 
itself either to soft or hard bituminous materials, from residual oils up to gra- 
hamite. Its range is greater than that of any other fusing-point method. 

It was first proposed by G. Kramer and 0. Sarnow. 2 Various modifications have 
l>een suggested from time to time * 'Flic author has made a careful study of this 
method, and recommends the following procedure: 4 

Substance* Fusing below the Moiling-point of Water. This method consists in 
heating a plug of the bituminous substance 5 mm. long, in an open glass tube, 
ft-7 min. internal diameter, and about 8 cm. long, the [dug supporting .5 g mer¬ 
cury, and the tube lieing immersed in a vessel of wafer, the level of which reaches 
approximately the centre of the mercury column. In making the test, a thermom¬ 
eter is suspended m the liquid, so its bull) will be at the same level as the plug 
of bituminous material. The thermometer is supported in a separate glass tul>e of 
the same thickness and diameter as the oilier tube, but differing therefrom in 
having its lower end sealed, and containing sufficient mercury to surround the bulb. 
The water is heated at a uniform rate of 4° F. [>er minute, and the temperature 
at which the mercury drops through the plug of bituminous material recorded as 
its fusing temperature. The tube containing the bituminous substance may have a 
mark etched 5 mm. from the end, as a convenient guide for the quantity of bitu- 

1 The term " fusing-point ” has been used throughout the text in place of the phrase “ melting- 
point,” since the former is more expressiw of the behaunrof fusible bituminous substances under 
the influence of heat They pass grailunllg from the solid to the liquid condition, the transition 
taking place slowl\, owing to the heterogeneous character of the substances present The phrase 
” melting-point " is more appropriately applied to chemical substances hanng a definite eompiBi- 
tion, which melt sharply, and within a narrow temperature range. 

* Chrm In,l . tfi, f>. r >, 1903 

* B M. Margoarhea, Chrm Rrt Frll-Hnrt-Ind , 11. 277. 1004, M Wendriner. Z. ar.gnr Chrm. 
18, 622, 190ft, K (Iraefe. Chrm Znl , SO, 208. 1900, Bauert, ('him Znt . 19. .182. 1005. OfTer- 
mann. Petroleum, « 2117, 1910, 1. Barta, Petroleum. 7. 158, 1911; \ Abeles, Chrm Znl. 38, 
249, 1914. 

Improved Instrument* for the Ph>snal Testing of Bituminous Materials.” hy Herbert Abra¬ 
ham, J’tqc. Am Soc Toting Matrnah, f, 57ft, 1909. 11, 673, 1911, 
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ininous material to be introduced. The plug of bituminous material may l>e intro¬ 
duced into the tube by inverting it and inserting from its lower end ja well-fitting 
cork or wooden plug fastened to a slit! wire. The mercury is poured on same, 
and the plug raised or lowered until the meniscus of the mercury coincides with 
the mark etched on the tulx». The bituminous material is then melted at a tem¬ 
perature slightly above its fusing-point and poured on top of the mercury, to 
completely till the tulie, which should l>e warmed slightly. When cool, the bitu¬ 
minous material is levelled off even with the end of the tul>e, whereu|x>n the tube 
is inverted and the plug withdrawn. This is illustrated in Fig. 173. 


S qr Mrrcu'f 
Cor* or touq 


o 


Fm 173. — Method of Filling K. 
A' S Fusing-I'omt TuIkvs. 



Fiu. 171.—Heating Toil for K. Fusing- 
I'oint Test<*r. 


The mercury is measured from a heavy-walled capillary tul*J of 1 mm. bore, 
terminating in a three-way cock, as illustrated at j, Fig 175, and calibrated to hold 
exactly 5 g. mercury at room temperature. The short limb of the tube is con¬ 
nected with a movable reservoir containing mercury, the height of which is adjusted 
so the mercury in the capillary tube exactly reaches the graduation. 

The heating is conveniently effected by an electrical device descrilicd by the 
author, 1 illustrated in Fig. 174, composed of a coil of resistance wire to l>e immersed 
•Prof Am 89c Ttttxnq Material #, t, 577, 1009, 
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in the liquid bath containing the fusing-point tubes, and connected with a rheostat, by 
means of which the temperature may be controlled to a nicety. Three slabs of slate 
or asbestos-cement, o, b and c, arc fastened together with three small bronze bolts d-1, 
d-2 and dr 3, also three large bolts, e-1, e-2 and e-3 enclosed in glass tubes / and g 
respectively, to prevent short circuiting. The coil h consists of 10 yd. of cotton- 
covered No. 30 nichrome resistance wire wound in a single layer around the tubes, 
and connected with the Ijolts e-2 and e-3, which in turn terminate in binding-posts 
i and *j. The coil after being assembled is treated with a high-grade insulating 



Fki. 175.—K. & S. 



varnish and baked until hard. Ten holes are drilled in the slab a, three e, for the 
large bolts, six k for the fusing-point tul>es and one l, for the thermometer tube. 
The coil as described offers a resistance of 75 ohms, and allows a passage of approxi¬ 
mately 1.5 amperes at a potential of 110 volts. It will raise the temperature of 
500 to GOO c.c. of water to the boiling-point in a few minutes, when the full current 
is applied 

The apparatus is assembled as illustrated in Fig. 175. The heating coil A 
carrying the thermometer H and the fusing-point tubes C is counterbalanced by the 
weight I), so it may be raised or lowered into the beaker K holding 500- 600 cc. 
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of water. The heating coil is connected with a rheostat F and a switch 0 in jmmllel 
with an 8 c.p. incandescent lamp // behind the beaker to illuminate the fusing- 
|K)int tulies, and a 32 c.p. lamp / to light up the interior of the apparatus; J 
represents the mercury measuring-device, and K a clock from which the hour hand 
has been removed, and the dial graduated in 240 divisions representing degrees 
Fahrenheit. The rise in teinjierature is synchronized with the minute hand of the 
clock and controlled by the rheostat to increase exactly 4° F. per minute. The initial 
temperature of the water should lie at least 25° V lower than the fusing-jXiint of 
the material to lie examined. Six tests may be run simultaneously. 

The heating coil is simple to construct, easy to ofiernte, and insures a perfect 
temperature control. Owing to its skeleton construction, the heat is rapidly dis¬ 
sipated, and there is no danger of the coil burning out, provided it is kept immersed 
in the water while the current is on. In the author's laboratory, where the eoils 
are in daily use, they last from 2 to 3 years, and when burnt out, the wiring mn\ be 
renewed in a few minute*' time. 

Substances Faxing above the Hmhng-pmnt of Watn In this ease the henlmg is 
performed by a direct flame, as illustrated in Fig. 170, the water l>emg replaced 
with castor oil which may lie heated safely to about 0fX)° F. This meiliod may 
be used for determining the fusing-pomt of asphalt ilea including grahumite A 
small quantity of the high fusing-|x)int bituminous material w jMiwdeied and coin- 
pressed in the lower end of the fusing-jwint tube, whereu|x»n it is carefully healed 
above the flame of a burner, until the plug of bituminous material softens and 
fuses to the tube, which is evidenced by the color changing from a dull to a glossy 
black. The tube is then stood upright against a block of wood, a snug-fitting glass 
rod inserted in the upper end, and pressed against the softened bituminous material 
to compact it into a solid mass 7 to 0 mm long On cooling, the plug is then 
carefully scraped from the lower end of the tube until exactly 5 mm remains, 
leaving an air space 2 to 4 mm between the plug and the lower end of the tube. 
Care should 1* taken when suspending the fusing-pomt tills* in the heating bath to 
allow the free space below the plug to remain fillet! with air, otherwise oil will 
come m contact with, ami prematurely soften tin* bituminous material. The bath 
is heated at the uniform s|>eed of 4° F. |*r minute ‘ 

Test 15b. Ball and Ring Method. This method has been adopt<*d bv the American 
Society for Testing Material* 2 The apparatus i* illustrated in I ig 177 ami consists 
of tin* following “( a) A brass ring 15 s75 mm (m ) in m-ide diameter ami 0 35 mm. 
(J in ) deep; thickness of wall. 238 mm i in ), )M*imi«.s|blc variation on inside 
diameter and thickness of ring, 0.2.) mm (0 01 m ). This ring shall be at Inched in 
a convenient manner to a No 13 H A S gauge brass wire (diameter 1.70 mm. *0 0703 
in ). (b) A steel ball 0 53 mm (? in > in diameter weighing between 3 45 and 3.55 g. 
(c) A glass ve-sel, capable of being heated, not less than K 5 cm. (3 31 in ) in diameter 
by 10 5 cm (113 m i deep (A IHX)-c c. beaker, (Jnffin low form, meets this require¬ 
ment.) ( d) A thermometer which shall conform to the following specifications: 
Total length 370-100 mm., diameter 0 5 7.5 mm., bulb length not over 11 mm., bulb 
diameter 4.5-5.5 mm The scale shall be engraved upon the stem of the thermometer, 
shall be clear cut and distinct, and shall run from 32 to 170 J l*. m |\)° 1‘ divisions. 

i** Improved Instrument* for the Physical Teat inn of liiturnmous Materials," Prof Am. Soc 
Tr$ttng Material*, 11. <174, Kill 

*" Standard Method for J)et< rmmation of Softening point of Hit ummou* Muicrialr other than 
Tar Product*” (Ring-and-Ball Method), Serial Designation. 1> 34-1(1, A 8 T M Standard* Adopted 
in 1919, pamphlet, p 00 
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It shall commence not less than 7.55 cm. above the bottom of the bulb. The ther¬ 
mometer shall be furnished with an expansion chamber at the top and have a ring 
for attaching tags. It shall be made of a suitable quality of glass and be so annealed 
as not to change its readings under conditions of use. It shall be correct to 0.5° F. 
as determined by comparison at full immersion with a similar thermometer calibrated 
at full immersion by the U. S. Bureau of Standards.” 

“The sample shall be melted and stirred thoroughly, avoiding incorporating air 
bubbles in the mass, and then poured into the ring so as to leave an excess on cooling. 
The ring, while being filled, should rest on a brass plate which has been amalgamated 
to prevent the bituminous material from adhering to it. After cooling, the excess 
material shall be cut off cleanly with a slightly heated knife.” 




From A S T M Standards 
Fiu. 177. —B. and It. Fusing- 
Point Tester. 


Substances Fusing below 194° F. “ Assemble the apparatus as shown. Fill the glass 
vessel to a depth of substantially 8.25 cm. (3.25 in.) with freshly boiled, distilled water at 
41° F.‘ Place the ball in the center of the up|>er surface of the material in the ring and 
susi>end it in the water so that the lower surface of the filled ring is exactly 2.54 cm. (I in.) 
above the bottom of the glass vessel * and its upper surface is 5.08 cm. (2 in.) below the 
surface of the water. Allow it to remain in the water for 15 minutes before applying 
heat. Suspend the thermometer so that the bottom of the bulb is level with the bottom 
of the ring and within 0.035 cm. (1 in.) but not touching the ring. Apply the heat 
in such a manner that the temperature of the water is raised 9° F. each minute.” * 

'The use of freshly boiled distilled water is essential, ns otherwise air bubbles mny form on the 
specimen and affect the accuracy of the results 

* A sheet of paper placed on the bottom of the Blass vessel and conveniently weighted will prevent 
the bituminous material from sticking to the glass vessel, thereby saving considerable time and trouble 
in cleaning. 

• Rigid adherence to the prescribed rate of heating is absolutely essential to secure accuracy of 
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“The temperature recorded by the thermometer at the instant the bituminous 
material touches the bottom of the gloss vessel shall Is* re|M>rt«Hl as the softening point.” 

SubsUwcfs Fusvig nbore l!)j° F. "Use the same method as given alwve, except 
that glycerin shall fx* used instead of water." 

The electrical heating coil dcscnlied in Test fki may Ih* used to good mlvantago 
in the.Ball-and-King method, but the length of nichrome wirt' should be reduced to 
6 yd., to provide for the more rapid heating of the bath. 

Tests made by the author indicate that the Ihdl-and-Hing fusing-jxiinlx range 
15 to 25° 1*’. higher than those obtained bv the K and S method. 'Phis relationship 
holds true regardless of whether the fuMng-|Hunl of the material is low or high 

Test 15c. Cube Method. This method is restricted to testing tar-pitehes.* 

For Pitches Fusing hiloir 170° 1 The billowing method has Ihtii proposed by 
the American Society for Testing Materials : 

“For the pur|>ose of shortening the tune required for testing, hard pitches having 
a softening-point between 109 1 and 170 F are cooled at 00° F. instead of at 10 F. 
as prescribed for soft pitches. The apparatus is illustrated m Fig 17s and shall 
consist of the following’ (o) A mold suitable for forming a 12 7 mm (A m ) eiilie of 
pitch; (M All L-sha|n*d right-angled hook made of No 12 It A S gauge copper wire 
(diameter 2.05 mm =0.0X0N in ) the foot of which shall be 2 54 cm (1 m ) long; (r) 
A glass vessel, capable of being heated, not less than II cm (4 55 in.) in diameter 
by 14 cm (5.51 in.) deep 1 Uh A thermometer which shall conform to the following 
specifications. Total length 570 100 mm, diameter 0 5 7 5 mm, bulb length not 
over 14 mm., bulb diameter 1 5 5 5 mm. The scale shall la* engraved upon the stem 
of the thermometer, shall be clear cut and distinct, and shall run from 32 to I70' 1 F. 
m j'q 0 F. divisions It shall commence not less than 7.5 cm alxive the Ixittoin of the 
bulb The thermometer shall be furnished with an expansion chandler at the top 
and have a ring for attaching tags. It shall lie made of a suitable quality of glass 
and be so anneahsl as not to change its readings under conditions of use It shall lx* 
correct to 0 45° F. as determined bv companion at full immersion with a similar 
thermometer calibrat'd at full immersion l>\ the l S. Bureau of Standards. 

“The pitch shall bo formed into a 12 7 mm (A m.) culx-, trulv shafxsl and with 
sharp edges, either by melting and ixniring, or softening and pressing into the mold. 
In all cases all excess of pitch shall be used and the surplus material shall lx* cut'off 
cleanly with a slightly heated knife. The harder pitches specified can ordinarily be 
molded at room temperature, the softer pitches in water at alxmt 40° I*. If they 
are melted, they should first be thoroughly stirred, avoiding incorporating air bubbles 
in the mass, and then jxmred into the molt I so as to leave an excess on nailing. The 
mold should rest, on a brass plate anti the surface of the plate and the interior surfaces 
of the mold should be amalgamated to prevent the pitch from adhering to them." 

“Assemble the apparatus as shown. Fill the glass vessel with freshly boiled 
distilled water 4 to a depth of substantially of » 5 cm. (3.75 in.). With pitches having 

results The rate of rue of temficrature shall tie uniform and shall nol be averted over the period 
of the test The maximum permissible variation tor any minute period after the first three shall be 
0 9° F All tests in whieh the rate of rise in temperature exceeds these limits shall lie rejected 

• " Methods for Testing Coal Tar, and Refined Tars, (bis, and Pitches Derived Therefrom,” by 
8 R Church. J Ind Eng Chrm . *. 2M, 1911; I, 195. 1913 

i "Tentative Me'hod for Determination of Softening Point of Tar Products— Tub® in Water 
Method ’—(Serial I)esi K nation: D tll-19 T ). A S T M TcninUrt Standard* jot Wlf), p 704 

» \ 600-o c beaker, Griffin low form, meets this requirement 

* The use of freshly distilled water is essential, a* other* i*" air bubbles may form on the and 
retard its sinking. 
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softening-points below 109.4° F. the temperature of the water shall be 40° F., and 
with pitches having softening-points between 109.4 and 170° F., the temperature of 
the water shall be 60° F. Place the cube of pitch on the wire as shown and suspend 
it in the water so that its lower edge is exactly 2.54 cm. (1 in.) above the bottom of 
the glass vessel 1 and its upper edge is 5.08 cm. (2 in.) below' the surface of the water. 
Allow it to remain in the water for 15 minutes before applying heat. Suspend the 
thermometer so that the* bottom of the bulb is level with the bottom edge of the cube 
of pitch and within 0.035 cm. (J in.), but not touching the cube. Apply the heat in 
such a manner that the tornjieratlire of the water is raised 9° F. each minute. 2 The 
temperature recorded by the thermometer at the instant the pitch touches the bottom 
of the glass vessel, shall be reported as the softening-point.” 

"The limit of accuracy of the test is ±0.9° F." 

For Fitches Fmmg above 170° F. The heating is performed in an air bath in the 
apparatus iMustrated in Fig. 179. The cube should be suspended in line with the 
observation windows, and the thermometer bulb brought to the same level. The tem¬ 
perature is raised 9° F. per minute, and recorded by the thermometer when the cube 
drops 1 in. To make the results obtained by this method correspond approximately with 
those obtained m water or oil, 12° F. should be added to the observed fusing-pomt. 

Investigations of the relationship between the Cube and the Ball-and-King methods • 
indicate that the results vary considerably, deluding largely upon the nature of the 




Fui. 178. -Cube-in-W uter Method for Fm. 179.—Cube-m-Air Method for High 
I*ow Fusing-pomt Substances. Fusing-pomt Substances. 


products tested and their fusing-jioints. No exact factors can be given. The relation 
between the fusing-pomt bv the Cube method with the results obtained by the Schutte 
consistency tester,the Hngler viscosimeter and the float test have also been investigated. 4 

1 A shoot of paper placed on iho bottom of tho glass vossot and oonvomcnllv weighted will prevent 
the pitch from sticking to the glass vessel, thereby saving considerable time and trouble in denning 
* Rigid adherence to the prcsciibod rate of heating is absolutely essential in order to secure accuracy 
of results The rate of rise of temperature shall be uniform and shall not be averaged over the period 
of the test. The maximum permissible vnimtion for anv minute period after the first three shall 
be ±0.09° F. All tests in whieh the rate of rise in temperature exceeds these limits shall be rejected 
*" Methods for Determining the Melting-Point of Asphalts," by J G Miller and P P. Sharpies, 
Proc. Am. Sor. Tilling Mnlrnalu, 14, Part II, 503, 1)14; “Report of Sub-Committee on Softening 
Point," Pior. .4 m Sor Trxtmg Matmah, II, Part I, 341, 1915. 

*" Relation between the Melting-Point and the Viscosity of Refined Tars,” by P. P. Sharpies, 
J. I ml. Em). Chtin., 6, 2S3, 1911. 
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Test 15d. Flowing Temperature. This 1t*st has been pro) Mixed by Clifford 
Richardson ’ and consists in heating a small cuIk* measuring 1 eu mm. on a micro¬ 
scopic cover-glass (No 2-0) floated on the surface of mercury (or solder in the case 
of the very high fusing-point asphalts or a>phallitcs>. m a deep 3 o/ seamless tin 
ixix (American Can Co.) f».. r > cm m diameter and Il.l cm. deep, tilled to a distance 
of 1 in. from the top, with mercurv or solder. This i> covered with an imcited 
funnel'from which the stem has Imth cut and a thermometer intrixiuci'd through 
the orifice until the bull) is immersed. 'Flic heat is increased at the uniform Vjieed 
of 9° F. [M*r minute, and the tem|M*ralun* recorded when the s|>ccimcii spreads out- 
in a thin film over the cover-glass. 'Fins is designated as Us "tlowuig-pomt 

Test 16. Volatile Matter. This test is used for identifying various hit it- 
ininons materials. Thus in the case of asphalts, the volatilization test will 
often serve to identify soft native asphalts which contain larger |>ereont- 
iiges of volatile matter than soft residual or blown petroleum asphalts. 
Cut-hack products also carry u large percentage of volatile constituents. 

'File test nia> also be used to di tciinmc the adaptability of a bituminous sub¬ 
stance for certain definite purposes, when* it becomes necessary to heat il to high 
tern pci at ores, a- for example m the paving mdu'ttv <w in mannfacl tiring bit nmim/cd 
loofings and floorings. It likewise senes as a xaluable adjunct for gauging the uni¬ 
formity of supply and for purposes of factory control. Il uFo furnishes :m imliration 
of the weatherproof properties of the material. Other things being equal, bituminous 
substances showing the smallest percentage of volatile mattei will prove most weather¬ 
proof on exposure to the elements. It should be noted, howevei, that the volatility 
test alone must not be taken as the final enterion as to whether oi not a bituminous 
substance is wcnthcrpioof, since other factors should also la* taken into eousideiation 
(see p. 315). The volatility test maybe icgardcd as an accelerated tr-st, showing tin* 
loss of vol itile constituents exclusive of water which will take plan* upon exposure 
to the weather m a relatively thin lavra, for a long time. 

* The following method has been adopted by tin* A mem an Society for Testing 
Materials,* for determining the loss m weight (exclusive of wafer) of oil and asphaltic 
compounds when heater) as described 'Fla* material under examination must there¬ 
fore hrst be tested for water, and if water is found to be present, it must be removed 
bv suitable methods of dehydration before the material is subjected to the loss on 
healing test, or another sample obtained which is free from wafer. 

“The oven may be either circular or rectangular m form and may Im* heated by 
either gas or electricity. Its interior dimensions shall be as follows Height, not less 
than It Mil cm. (lb in ); width and depth or diameter, at least 4 OS cm (2 in.) greater 
than the diameter of the revolving shelf. It shall also Im* well ventilated and shall 
Ik* fitted with a window in the up|M*r half of the dtxir, so placed and of sufficient size 
to permit the accurate reading of the thermometer without o|M*ning the door II shall 
Im* provided with a jx-rforated circular shelf preferably of approximately 21 8 cm. 
(0.75in.) in diameter. (A recommended form of aluminium shelf is shown in Fig. 180.) 
This shelf shall be placed in the center of the oven and shall be suspended by a vertical 
shaft and provided with mechanical means for rotating it at the rate of 5 to 0 revo¬ 
lutions |>or minute. It shall Im* provided with recesses equidistant from the* central 
shaft in which the tins containing the samples are to lx* placed." 

[ '“The Modern Asphalt Pavement, " 2nd Edition, 538 

* "Tentative Teat for Lobs on lieatmK of Oil and Asphaltic Compound#" (Serial De#i*nation: 
D 0-19 T ), A .S T. M Tentative Standard*, /or 1919, p. 732 
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‘‘The thermometer shall be between 12.7cm. (5in.) and 15.24 cm. (6 in) mi 
and the mercury bulb shall be from 10 mm. (0.39 in.) to 15 mm. (0.59 in.) in / c ^f 
The sea/e shall he engraved on the stem, shall be dear cut and distinct > and shall rim 
from 302 to 347° F. in J 0 F. divisions and shall commence substantially 3.81 cm. 

(U in.) above the top of the bulb. Every fifth degree shall be larger than the inter¬ 
mediate ones and shall be numbered . It shall be made of a suitable quality 

of glass and be so annealed ns to not change its readings under conditions of use. It 
shall 6e correct to 0.45° F. t as determined by comparison at full immersion with a 
similar thermometer calibrated at full immersion by the U. S. Bureau of Standards.” 

“The container m winch the sample is to be tested shall be of tin, cylindrical in 
shape, and shall have a flat bottom. Its inside dimensions shall bo substantially 
as follows: Diameter 55 mm. (2.17 in.); depth, 35 mm (1.38 in.)." 1 

“The sample as received shall la* thoroughly stirred and agitated, warming if 
necessary, to insure a complete mixture before the portion for analysis is removed. 
Weigh 50 g. of the water-free material to be tested into a tared container of the form 
described. Bring the oven to a temperature of 325° F., and place the tin box con¬ 
taining the sample in one of the recesses of the revolving shelf. The thermometer 
shall be immersed for the depth of its bulb in a separate 50 g. sample of the material 
under test, placed in a similar container, and shall be conveniently sus|>ended from 
the vertical shaft. 'I’his sample shall rest in one of the recesses upon tin* same shelf and 
revolve with the sample or samples under test. Then close the oven and rotate the shelf 
5 to 6 revolutions |>er minute during the entire test. Maintain flu* temperature at 325° 
F. for 5 hours, then remove the sample from the oven, cool and weigh, and calculate the 
loss due to volatilization. During the 5-hour period the temjieraturo shall not vary more 
than 2° F. All tests showing a greater variation lit temperature shall In* rejected.” • 
“Up to 5 per rent loss in weight the results obtained may be considered as correct, 
within 0.5. Above 5 per cent loss in weight the numerical limit of error increases 
0.01 for every 0.5 per cent increase in loss by volatilization as follows: 


Volatilisation, 

N ummeul 

Tnir Volatilisation, 

f.oHH, cent 

Correction 

Lons, |H*r cent 

5 0 

±o no 

4 50 to 5 50 

5 5 

±o r>i 

4 91 to 0 01 

(> 0 

±o r ,2 

5 48 to 0 52 

10 0 

uo 

9 40 to 10 00 

15 0 

±0 70 

14 30 to 15 70 

25 0 

±0 90 

24 10 to 25 90 

40 0 

±1.20 

38.80 to 41 20 


“ Under ordinary circumstances a number of samples having about the same degree 
of volatility may be tested at the saint; time. Samples varying greatly in volatility 
should be tested separately. Where extreme accuracy is required not more than one 
material should be tested at one time and duplicate samples of it should be placed 
simultaneously in the oven. Such duplicates shall check within the limits of accuracy 
given above. Results obtained on samples showing evidences of foaming during the 
test shall bo rejected. ” 

“When the penetration of the sample after heating is required, melt the residue 
at the lowest possible temperature and thoroughly mix by stirring, taking care to 

1 A 3-oi. Gill style ointment box, deep pattern, fulfills these requirements. 

1 If additional periods of heuting are desired, it is recommended that they be made in successive 
increments of 5 hours each. 
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avoid incorporating air hubbies m the mans. Then bring it to the standard tem- 
peniture and test as prescribed." 

The oven ordinarily employed for determining the volatile matter, illustrated in 
Eig. 1H1,is eomjmsed of a evlmdrieal vessel with a hinged rover, surrounded by an 
insulated jacket, with an air-spaee in between acting as a Hue to carry off the hot gases 
generated by the ring-burner underneath. The temj>erature may be conveniently 
regulated by a mercury thermostat 

An extension of tins test recommended bv the author, consists in heating the sample 
to o00° F. for i hours. This is advisable in examining relatively non-volatile asphaltte 
products, which would show but a fraction of a per rent loss by the foregoing method. 

Test 17. Flash-point. The flash point is used primarily for deter¬ 
mining the adaptability of bituminous substances for certain definite 

1 J'V 



Fig. ISO.—Shelf for Volatility Oven 


usages, and serve-* as a criterion of the fire hazard. It should lx* at least 
50° F. higher than the maximum temperature to which the bituminous 
substance will Ic subjected in the process of blending or utilization. 
This test is also sometimes used for gauging the uniformity of supply 
and for purposes of factory control. 

A number of flash-point testers have been proposed, of which the 
following are most generally used: 


Test 17a Pensky-Martens Closed Teater. This apparatus has been adopted 
as standard by the Government of the Inited States, and foreign Kovemment. far 
testinehiah flash-point bituminous materials ’I he instrument is illustrated in hi*. 182, 
and consists of an oil cup in a metal heating vessel U, surrounded with a flanged 
top to prevent loss of heat by radiation. An orifice e permit* the overflow of the 
oil into the jaeket d between the oil eup and the healing vessel, it is likw.se pro- 
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vided with a mechanical stirring device e, the thermometer /, the test flame g, 
burner i, win; screen j, and spring k to work the slide under the test flame. 

The approximate flash-point is ascertained by a preliminary test. The melted 
bituminous substance is poured into the Pensky-Martens tester, which should be 
perfectly level, taking care not to splash any on the sides of the cup, or to cause 
any froth on the surface. All bubbles should lie pricked with a heated wire. The 
test flame is then regulated to correspond in size with the ivory bead on the cover 
(to burfi 0.1 cu.ft. coal gas per hour). The burner i is lit, and the contents heated 
rapidly at first until the temjieraturc reaches 50° F. below the expected flash-point, 
whereupon the rise in temperature should be controlled to increase exactly 5° F. 
per minute. At each degree the milled head k is turned and the flame y tilted 



Courtesy of Win Pocket & Co. 

Fig. 181. —Volatility Oven. Fig. 182.— Pensky-Martens Closed Flash¬ 

point Tester. 


into the cup for exactly one second. The test is continued until the flash-point occurs. 
Any slight flickering or spreading of the flame is ignored. The end point is evi¬ 
denced by an unquestionable flash. The apparatus should be protected from 
draughts, and the sample stirred continuously during the test. If the thermometer 
is graduated to read for total immersion, the stem-correction should be applied. 
When this is done, it is suggested that “corr." be added to the reading, thus: 
“ Flash 379° F. corr.” 

A simplified form of Pensky-Martens tester for approximately determining the 
flash-point, consists of a glass beaker or metal cup having the same dimensions, 
namely 5.0 cm. in diameter, and 5.5 cm. in depth, filled to within 1.8 cm. of its 
upper rim with the material to be tested. This is supported on a sand bath and 
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the thermometer bulb immersed in the bituminous material without, however, 
touching the sides or bottom. The test flame is adjusted to a 3 mm.'cross-section, 
and the test performed exactly as deseriljcd for the IVnsky*Mortens tester. 1 

Test 17b. Cleveland Open Tester. This apparatus, illustrated in Fig. 183, 
consists of a brass cup a, holding 100 cf, supjxirted in an outer vessel b, with an 
air space between. The thermometer c is freely sus|>endod in the bituminous 
material, so the bulb is totally covered. The cup is filled to \ in. from tjie top, 
and the bituminous material heated at the rate of 10° F |H*r minute. As the 
flash-point is approached, tlie test-flame, which should Ik* 5 mm. long, is slowly 
u oved back and forth, so the top of the flame comes 2-3 nun. from the surface of 


r\ 



Fid. lft'J.—Cleveland (>|ien Flash-point Flo. 181.—New York State Closed Flash- 
Tester pond Tester. 

the liquid, wilhout, however, touching it or (he sides of the container. This is 
repeated every 2° F. rise in temperature until (he vapors flush. 1 

Test 17c. Hew York State or Elliot Closed Tester. This is illusl rated in Fig. 
184 and consists of a .'iUO-cc. copper container C, heated in an oil hath I). The 
cup is provided with a gloss cover, carrying fhe thermometer if and a hole ior 
inserting the test-flame, the latter being , r > ram long. The test is carried out by 
heating the contents with the burner A as in the foregoing, and the rise in tem¬ 
perature carefully regulated to 10° F. jicr minute.* 

>"Flush Point of la!.," by I O Alien and A S (.'roaafield. Terli Paper No til, Petroleum 
Technolosy 10, Dept of Interior. Bureau of Minn. Wnh . 1) ('. MIDI 

■ •• laboratory Manuel ol Illtuminoua Material*" by PrfvMt llubbani, N Y . OS, IBIS 
* "Petroleum nnJ Ita Product*." by Hmerton Itedoood. Volume 2, 177, 1900, "laboratory 
Mnooal ol liitomuoue Msteriela," by Prftoal Hubbard, N Y , 00, 1910. 
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Test 18. Burning-point. The burning-point is used to supplement 
the flash-pdint, and is of value in determining the adaptability of 
bituminous substances for particular purposes, from the standpoint of 
fire hazard. The test may be performed in any of the apparatus 
described under flash-point (Test 17). In determining the burning- 
point, .the cover of the tester is removed, and the heating, also ex¬ 
posure to the test-flame continued in the same manner as for the 
flash-point, until the vapors ignite and continue to burn. 

Test 19. Fixed Carbon. This test is used solely for purposes of 
identification, ami is generally restricted to asphaltic products rather 
than to tars and pitches, since the free carton in the latter will inter¬ 
fere with the results. Accordingly, if this test is informed on tar 
products, the free carton should to ascertained separately (Test 31) 
and its weight deducted. The percentage of fixed carton is especially 
useful in differentiating the asphaltitcs, the asphaltic pyrobitumens, 
and the non-asphaltic pyrobitumens. 

The test is performed in the following manner: 1 I g. of the material is placed 
in a platinum crucible weighing 20-30 g., having a tightly fitting cover, and heated 
for exactly 7 minutes, with a Bunsen flame 711 cm. high, the mouth of the burner 
lieing tl-8 cm. below the bottom of the crucible. The test should lie made in a 
place free from draughts. The crucible is then transferred to a d: sieeator, cooled 
and weighed, whereupon the cover is removed, and the crucible ignited over the 
full flame of a Bunsen burner, until nothing but ash remains. Any carbon deposited 
on the rover is also burnt off. The weight of the first residue less the weight 
of ash gives the weight of fixed carton, which should lie calculated in percentage. 
If the ash contains carbonates, it should to treated with a few drops of ammonium 
carbonate solution, and heated a minute or two at red heat, before cooling and 
weighing. 

In the presence of mineral matter, the percentage of fixed carbon should to cal¬ 
culated on the basis of the non-mineral constituents. Mineral matter docs not 
vitiate the results ns it merely acts as a diluent. Thus a pure grnhamite containing 
0.2 per cent mineral matter and .72.22 fier cent fixed carton, when mixed with an 
equal weight of clay, tested 20.3d per rent, equivalent to 52.7 per cent fixed carbon 
on the basis of the non-mineral constituents present. 

Test 20. Distillation Test. The value of this tost is to ascertain 
the adaptability of bituminous materials for a given use, generally for 
road treatment: also for gauging the uniformity of supply, for pur¬ 
poses of factory control, and most important of all as a criterion of 
the quality. This test is generally applied to tar products as an equiv¬ 
alent of the volatility test (Test 16). Two methods are generally 
employed, one known as the “ Flask Method ” suitable for bituminous 

1 J- A**. CAm. Sot , II, 1110, 18011, "Fixed Carbon in Bituminous Material*, It* Determina¬ 
tion and Value in Specifications," by I, Kirechbraun, Eng Contr , If, 172, 1013. 



HEAT TESTS 


521 


materials intended for road treatment, including both tars and rtSplialtic 
products, and another known as the “ Retort Method ”• for testing 
creosote oil intended for impregnating timber The bituminous mate¬ 
rials must be dehydrated (Test 25), lwforc I wing subjected to distilla¬ 
tion. According to Sharpies 1 the distillation test as applied to tars 
Incomes of value in identifying the kind used (upon determining the 
specific gravity of the fractions distilled), as a means of distinguishing 
a cut-back tar from a straight-distilled tar (upon determining the spe¬ 
cific gravity of the fractions, their \iscosity, also the fusing-point of the 
residue), and for detecting the presence of abnormal amounts of naph¬ 
thalene. 


Test 20a. Flask Method of Distillation. If water is present, (lie bituminous 
material must first l>e dehydrated This may l>e conveniently jierformed by dis¬ 
tilling 500 ce in an HOO-ee cop|X*r still, provided with a 
water-cooled condenser, the distillate l>emg caught m a 
200-c e separatory funnel When all the water isexjiellod, 
the distillate is allowed to settle, the water drawn off and 
the oils returned to the residue in the still after the con¬ 
tents have cooled lickuv 212° F 

'I’he apparatus as assembled is illustrated in Fig 1ST). 

It consists of 250-e e. Fngler distilling flask of the follow¬ 
ing dimensions, diameter of bulb SO cm ; length of neck 
15 0 cm , diameter of neck 1.7 cm ; surface of material 
to lower side of tubulature 11.0 cm ; length of tubulature 
15 0 cm.; diameter of tubulature 0 0 cm ; angle of tubu¬ 
lature 75°; with a permissible variation of 5 jx*r cent from 
the foregoing measurements 

The condenser tul>c shall have the following dimensions: 
sdapter70 nun.; length of straight tul>e 1S5 mm.; width of 
tube 12-15 mm ; width of adapter end of tills; 20 25 mm. 



A carefully standardized thermometer should lx* used * Fhj. 1X5 -Flask Method 
The cylinder used for collecting the distillate shall haw* of Distillation, 
a capacity of 25 e e and he graduated in 0 1 e e The 

burner should l>c provided with a tin shield 20 cm long by 9 cm in diameter, 
having a small hole for observing the flame. The thermometer bulb should lx; 
placed opposite the middle of the tubulature. Pour 100 c e. of the dehydrated 
bituminous material into the Fngler fla^k and weigh Then commence to distil 
ut the rate of 1 c.c. j>er minute, changing the recover as the mercury column 
passes the following fractioning points, reporting the fractions by weight and by 
volume: 


Start to 110° c.; 110-170° C.; 170 235° C; 235-270° C.; 270 300° C.; and 

residue. 


'“Distillation of Tar," J In4 Eng ('him, B, 4011. 1913. 
*/'ror Am Sot Tenting Material*, IT, Part I, 474, 1917. 
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The residue is weighed after the distillation is completed and the flask cooled. 1 

Test 20b. Retort Method of Distillation. This method is adapted principally 
for analyzing creosote oils suitable for impregnating timber.’ The distillation is 
jjerformed in a glass retort, having a capacity of 250-290 c.c. (measured by placing 
the retort with the bottom of the bulb and the end of the offtake in the same 
horizontal plane and |x»urmg water into the bulb through the tubulalure until it 
overflows through the offtake). The length of the offtake should lie 25-30 cm., 
its internal diameter next to the bulb approximately 2 85 cm., and the diameter 
at the oj>en end approximately 1 25 cm. The diameter of the tubulature should be 
approximately 1.9 cm. 



From A S T M Stamford*. 

Fin. 180 - Asbestos Shield for Retort 


The condenser tulie shall have the following dimensions: diameter of small 
end 12.5 mm. with a variation of 1 5 mm.; diameter of large end 28 5 mm. with a 
variation of 3.0 mm.; length 3(i0 mm. with a variation of 4 0 mm. 

The italicstos shield for the retort shall have the form and dimensions illustrated 
in Fig. ISO. The receiver shall consist, of Krlenmeycr flasks of 50-100 c.c. capacity, 
and the thermometer shrill be carefully standardized. 3 

The apparatus is assembled as illustrated in Fig. 187. Exactly 100 g. of dehy¬ 
drated creosote oil are distilled at the rate of not. less than 1. nor more than 2 drops 
per second, the distillate being collected and weighed in the receiver. The condenser 
tulic should be warmed whenever necessary to prevent the accumulation of solid 
distillate, and the receiver changed as the mercury passes the dividing temperatures 
of the following fractions: 210, 235, 270, 315 and 355° C. When the temperature 

"“Standard Method for Distillation of ftitunmimis Material Suitable for Road Treatment,*' 
(Serial Designation, I> 20-1(5) /916 Hook of .4 S T \f Standard*. MO. 

• "Stamford Method for Sampling and Analysis of Creosote Oil" (Sniol Designation, D 38- 
175 .4. S T. M Standards Adopted in 1917. 30 

•"Standard Methods for Sampling and Analysts of Creosote Oil" (Serial Designation: D 38-17) 
<4. $. T. Af. Standards Adopted in 1917, 3t5. 
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registers 355° C., the flame shall I* removed from the retort, and any‘oil* which 
has condensed in the offtake drained into the 355° fraction. The retort is cooled 



From A. 8 T. M Standards. 
Fici IS7 - Retort Method of Distillation. 

and re weighed to ascertain the amount of residue, which is generally tested by the 
float test (Test S d) The various fractions should l>e reported by weight and also 
by volume, and their specific gravities calculated. 





CHAPTER XXX 


SOLUBILITY TESTS 

Test 21. Solubility in Carbon Pisulphide. The percentage soluble 
in ear.bon disulphide is useful for purposes of identification, for ascer¬ 
taining the adaptability of a bituminous substance for a given purpose, 
for gauging its uniformity of supply, and as a criterion of its quality, 
(i.c., purity, and consequently its intrinsic value). Crude bituminous 
materials are often purchased on the basis of the percentage soluble in 
carton disulphide. The presence of non-mineral matter insoluble in 
carton disulphide is an indication that the material has been carelessly 
prepared and overheated in its process of manufacture. 'Ihe presence 
of mineral matter may to regarded as an adulterant. In the case of 
native asphalts, the larger the percentage soluble in carton disulphide, 
the greater their intrinsic, value. The percentage and composition of 
the mineral matter will often indicate the source of the native asphalts. 
Asphalts derived from petroleum are substantially free from mineral 
constituents, and with the possible exception of the harder grades, con¬ 
tain little to no non-mineral matter insoluble in carbon disulphide. 
This test is sometimes employed for determining the value of tars and 
pitches, although the solubility in hot benzol-toluol is generally used 
for this purpose (Test 24). 

With native asphalt containing over 10 per cent of mineral matter, 
it is ad isuble to separate the portion soluble in carton disulphide for 
ascertaining its physical characteristics (Tests 1-12), fusing-point (Test 
15), and sometimes fixed carton (Test 10). 

Test Sis. Solubility is Carbon Disulphide. The tests generally employed for this 
purpose have been devised by the Ant. Hoc. Testing Materials 1 and are substantially 
as follows, deviating slightly in phraseology. 

The bituminous material should first be freed from moisture. If semi-solid 
to solid it may lie heated in an oven 125” C. for 1 hour, provided it is substantially 
free from volatile matter at this temperature, if volatile materials are present, 
it should be dehydrated by distillation at a low temperature, the water-free distillate 
being returned to the residue, and thoroughly incorporated with it. 

i "Standard Tost for Soluble Bitumen” (Serinl Designation. D 1-11). .4 S T M. Standard» 
Adopted m /.*)/'», 528, "Tentative Specifications for Asphalt for IV in Damp-proofing an.l Water¬ 
proofing” (Serial Designation: D 40-17 T>, l*ror Iin Sac Testing Materials, IT, Part I, 714 1917, 
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Sufficient of the dehydrated material to insure the presence of 1-2 g soluble in 
carbon disulphide is weighed into a 150-cc. fared Krlenn.eyer flask, jmd 1(X) re. 
of c p carbon disulphide poured into the flask in small portions, with continuous 
agitation until all the lumps disapjiear and nothing adheres to the I nit tom The flask 
is then loosely corked and set aside. From this jioint on. one of two methods may 
be followed, depending on whether or not the bituminous material contains a sul>- 
stantial quantity of finely divided insoluble matter. 

Procedure I'sed in lhe Presence of Substantial Quantities of Finely Ihmini* Insol¬ 
uble Matter. The flask is set aside to settle for 48 hours, and the solution decanted 
into a second fared flask, pouring off as much of the solvent as possible without 
disturbing the residue The contents of the first flask arc again treated with a 
quantity of carlion disulphide, shaken as before, and both the first and second 
flasks allowed to settle for another 48 hours The liquids in both flasks are then 
carefully decanted upon a weigher! (Jooch crucible (measuring 4.0 cm. wide at the 
top, tapering to .‘{.2 cm. at the bottom, and 2.5 cm. deep), carrying freshly ignited 
long-fibred amphibole (asbestos) compacted m a Inver not over \ in. No vacuum 
is to be used in filtering, and the tem|>eriilure of flu- liquid kept between t»5 and 
77" F The residue remaining on tin* filter is thoroughly washed with carbon 
disulphide until the filtrate liecomes clear. The flasks arc again shaken with flesh 
carbon disulphide, allowed to settle for 21 hours, or until it is seen that a good 
subsidation has taken place, and thereupon decanted through the filter The 
residues remaining in both flasks are washed until the washings are practically 
colorless, all washings being passed thnugh the (looch crucible 

Procedure FoUoued until Materials Containing Little to no Finely Divided Insol¬ 
uble Matter. This method is used for rapid work where the bituminous material 
does not contain insoluble matter which would clog the pores of the filter After 
adding the earl>on disulphide, the flask is set, aside for 15 minutes, whereupon it is 
filtered through a weighed (looch crucible The liquid must, be decanted with 
care, and the decantation stop|ed at the first sign of sediment coming over The 
sides of the flask are washed with a small amount of fresh carbon disulphide, and 
the sediment caught on the filter, using a “ |x>hreman,” if necessary, to remove nil 
adhering material Then wash residue on filter with carbon disulphide until the 
washings are colorless, and continue the suction until the odor of carbon disulphide 
is scarcely detectable. The outside of the crucible is cleaned by a cloth moistened 
with a small amount of the solvent. 

In both procedures, the crucible and contents, likewise the two flasks in the 
first method, an; heated for one-half hour at 220° F., cooled in a desiccator and 
weighed. The difference lictween the weight of the dehydrated material taken 
for analysis and the weight of the residue, represents the projwrtion soluble in 
carl>on disulphide. 1 

The author finds that in the preseme of large quantities of finely divided insol¬ 
uble matter, the method may lie materially shortened by adding a weighted quan¬ 
tity (about twice the weight of bituminous material) of freshly ignited, long-filtered 

• For a duKtiflgion of the method, see "A Study of Certain Method* for Determining Total 
Soluble Bitumen in Paving Mftteriak" by S A\ery and R Corr. J Am ('h-m Soe ,U, C.48, 1906; 
"The Proximate Composition and Phuural Structure of Trinidad Aaphalt. with Special Reference 
to the Behavior of Mixture* of Bitumen and f-me Mineral Matter," by Clifford Richardaon, 
Proc Am Soe Tiling Motmal*. f. .'iOO, 1906. "The Determination of Soluble Bitumen." bv 
Hubbard and Reeve, Proe Am Soe Tenting MalmaU, 10. 420, 1910. "The Bitumen Content of 
Coarae Bitumjnou# Aggregate*," by Ptfvnet Hubbard, /W Jut A hoc Trying Matmali, XXV-2, 
1912 
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am phi bole to the bituminous substance in the first flask. On shaking with carbon 
disulphide , t/je asbestos serves to dilute the insoluble matter, preventing the latter 
from clogging the pores of the filter, and accordingly reducing the time of filtration. 
In many cases this procedure may be adopted to good advantage. 

Test 21b. Hon-Mineral Matter Insoluble in Carbon Disulphide. The total 
weight of the insoluble matter obtained in the foregoing test, includes both the 
non-mineral matter insoluble in carbon disulphide, and the mineral matter. The 
former is determined by igniting the residue in the Gooch crucible (to which must 
be added the residues remaining in the flasks) until no carbonaceous particles 
remain, leaving only the mineral ash. Add a few drops of ammonium carbonate 
solution to the residue, ignite for a few minutes at a red heat, cool m a desic.ator, 
and weigh. The loss in weight on ignition represents the " non-mineral matter 
insoluble in carbon disulphide.’' 

Test 21c. Mineral Matter. The residue obtained in the foregoing test repre¬ 
sents the mineral constituents. When calcium carbonate is present it is necessary 
to ignite the residue with ammonium carbonate before finally weighing, as it is claimed 
that any sulphur present in the bituminous material reacts with the calcium car¬ 
bonate forming calcium sulphate and calcium sulphide. 1 The loss of any water of 
hydration from clays, etc., and the oxidation of iron pyrites to ferric oxide, will 
also affect the results (see p. fiHI). The mineral matter may be checked by igniting 
a fresh sample in a platinum crucible to clean ash, adding a few drops of ammonium 
carbonate, re-igniting and weighing. If the two results do not agree, evaporate the 
filtrate containing the bituminous matter soluble in carbon disulphide (Test 21«), 
burn, ignite and weigh the residue. The weight of the ash derived from the 
bituminous matter soluble in carbon disulphide should be added to the original 
residue of insoluble mineral matter (Test 2U>). This may represent, collodial 
mineral particles, which are not retained by the filter, or else mineral constituents 
combined chemically with the bituminous matter (sec p. f>M). 

Test 22. Carbenes. The expression “ carbenes ” has been applied 
to that portion of bituminous substances soluble in carbon disulphide 
but insoluble in carbon tetrachloride. This term was originally pro¬ 
posed by Clifford Richardson. 2 This test is of value in identifying 
bituminous substances, gauging their uniformity of supply, for purposes 
of factory control, and as a criterion of their quality. Certain hard 
native asphalts and asphaltitcs, particularly grahamitc, normally con¬ 
tain a percentage of carbenes, whereas petroleum asphalts do not show 
carbenes unless they are overheated, or over-blown. If more than 0.5 
per cent is present in petroleum asphalts, their quality is to be regarded 
as questionable. Carbenes are found in tars and pitches in varying 
amounts. 3 

•"Analysis of Calcareous Asphaltum und Paving Mixture*," by Prettner, Chem. Zeit., S3, 917 
and 026. 1009. 

’"Carbon Tetrachloride and it* Ise as a Solution for Differentiating Bitumens," by Clifford 
Richardson and C. N. Forrest, J. Soc. Chtm. Ind., 34, 310, 1905. 

•"Some Relations of the Effect of Overheating to Certain Physical and Chemical Properties 
of Asphalts," by A. W. Hixson and II. K. Hands, J. Ind. F.no. Chen, t, 651, 1917, “The \alue 
of the Carliene Requirement in Asphalt Specifications," by L. Kirschbraun, Munie. Eng., 85, 349, 
1909, 
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I his test is carried out by following the same procedure aa in determining the 
solubility in carbon disulphide (Test 2lu), but replacing the latter, with rariion 
tetrachloride. The carbon tetrachloride must lie free front carlton disulphide, 
which may be insured by distilling it under a dephleginator, discarding any distillate 
lelow 76° C. The solvent is then filtered through calcium chloride, and any free 
hydrochloric acid removed by blowing dry air through it. 

The carbon tetrachloride is allowed to art on the bituminous substance over¬ 
night, care being taken to keep the vessel in a dark place to protect it, fro'm day¬ 
light or sunshine. 1 Richardson proposes blowing a gentle current of air through the 
solution in the dark for 1 hour 1 to coagulate the insoluble matter and assist in the 
filtration. The difference lietween the percentages soluble in carlton disulphide and 
carbon tetrachloride respectively, represents the per cent of “ carbenes!”- 

Test 23. Solubility in 88° Petroleum Naphtha. This test is em¬ 
ployed mainly for purposes of identification. It is also used to a cer¬ 
tain extent for determining the adaptability of a bituminous substance 
for a given use, for gauging the uniformity of supply, and for purposes 
of factory control. As a general principle, the harder the bituminous 
product, the smaller the percentage that will dissolve in 88° naphtha. 
Asphaltites are relatively insoluble in this menstruum. Mineral waxes, 
peat-, lignite- and shale tars or pitches are largely soluble. The solu¬ 
bility of native and petroleum asphalts varies, depending largely upon 
their hardness, and also in the ease of petroleum asphalts upon the extent 
to which the distillation has been driven. Coal-tar pitches are relatively 
insoluble in 88° naphtha. 

The portion soluble in 88° naphtha has Ijeen termed “ pclmlcncs ” by 
sonic, and “ malthenes” by others, whereas the non-mineral constituents 
insoluble in 88° naphtha are generally referred to as “ asphaltenes.” 

It is important, that the petroleum naphtha should lx 1 derived from petroleum 
composed entirely of ofien-chain hydrocarbons, and test, exactly 88° Bautin 1 , equiv¬ 
alent to a specific gravity of 0.638 nt 60° E ,'60° E. At least 85 per cent by 
volume should distil lietween 95 and 150° E. The density and character of the 
naphtha is important, since heavy distillates, or products derived from petroleum 
containing unsaturated or cyclic hydrocarlmns will exert a greater solvent action upoo 
the bituminous substance (see p. 4ti7 1 . 

This method is jierformed in the same manner aa for determining the portion 
soluble in carbon disulphide, 88° petroleum naphtha lteing substituted for the latter. 
Hard bituminous substances should lie powdered; liquid bituminous sufislances 
flowed in a thin layer over the bottom of the flask; and semi-solid to semi¬ 
liquid subtancea heated until fluid and distributed in a thin layer to present a 
greater surface to the solvent. It is advisable not to use a stirring rod, as this 
causes the bituminous substance to adhere to the inner surface of the flask and to 
the rod itself. The operation should lake place at, room temperature, and away 

•"Studiea on the Carbenea," by K. J. Markenxie, J. Ind Eng. Chem , f, 124. 1910; “Oa the 
Formation of Carbenea," by D. B. W. Alexander, J Ind. Eng Chem., I, 242, 1910. 

• "The Modern Aaphalt Pavement," 2nd Edition, 546, 1908. 
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from the direct rays of the sun. The introduction of a weighed portion of long- 
fibered asbestos to the solution will assist, in its filtration. 1 

Test 24. Solubility in Other Solvents. Solvents other than those 
mentioned in the foregoing tests, such as benzol, mixtures of benzol 
and toluol (Test 31), acetone (sec p. 193), etc., arc occasionally used 
for identifying bituminous substances or to investigate their adapta¬ 
bility for a given use. The extraction may 1* carried out. cold or hot, 
but in either event the method used should be clearly stated in report¬ 
ing the results. If cold, follow the method descrilxxl under Test 
21a, for determining the portion soluble in carbon disulphide. If hot, 
weigh out approximately 10 g. of the bituminous substance into a 
paper thimble, and treat with the solvent in a Soxhlet extractor having 
ground-glass joints. Hard and brittle bituminous substances should be 
powdered. Medium and soft substances should be mixed with five 
times their weight of long-fibered amphibole (previously ignited), or 
ten times their weight of 20- to 30-mesh Ottawa silica to prevent the 
material fusing together in a solid mass and retard the action of the 
solvent. 

Where the hot extraction is used, the operation is continued for at least 6 
hours, and until no further loss in weight is recorded, whereupon the contents of 
the thimble are dried and weighed. 

•"The Modern Asphalt Pavement," bv Clifford Htrliardson, 2nd Edition, p 543, 1908, 
"Laboratory Manual of Bituminous Materials," by llubbard, 1st Edition, p. 00, 1016. 



CHAPTER XXXI 

CHEMICAL TESTS 

Test 25. Water. The estimation of water is made in some eases for 
purposes of identification, and in others as a criterion of the <|unlity. 
Native asphalts and tars are examined in this way to ascertain whether 
they exist in the crude or the dehydrated state. This test is also used for 
dehydrating bituminous substances to render them suitable for further 
examination, where the presence of water would interfere. 

Test 26a. Substances Distilling at Low Temperatures. Tins method is adapted 
to crude |xdrnlcuin, tars, creosote oil and other thud latmnmous substances dis¬ 
tilling at comparatively low tem|>eriitures 1 'the apparatus is set up as shown 
in Fig. IKS. The copier still is provided with a removable flanged lop and yoke, 



From A. 8. T M Stand aril*. 

Flo. 188 —Still for Determining Water. 

which with n paper gasket will form an air-tight joint when rlfunpril into place. 
The thermometer should be carefully standardised, as provided in the Am. finr. 
Testing Materials Stamfords, Hit', p 37. The condenser consists of a copper 
trough carrying a straight-wailed glass tula’ The separatory funnel has a total 
capacity of 120 c.c. with the outlet graduated in fifths of a eulae centimeter. 

1 " Standard Methods for Sampling and Analyse of Creosote Oil ” (Serial Designation: D 38-17), 
A S. T M. Standardit, Adopted in 1017, 31 . 
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Poiir'200-S)00 c.c. of the bituminous material into the still and weigh. Clamp 
the top in place, using a paper gasket moistened with lubricating oil. Apply heal 
with the ring burner supported just above the level of the bituminous material at 
the }>eginning of the test, and then gradually lower it. as the water distils over. 
Continue the distillation until the vapor temperature reaches 205° C. Collect the 
distillate m the separatory funnel, and let it stand until a clean separation of water 
takes |)laee Head olT the volume of water, calculate its weight, and figure the 
l>cr cent present in the crude bituminous material. Draw off the water, and return 
any light oil to the bituminous matter in the still. The dehydrated material should 
then be used for further tests. 

Test 25b. Substances Distilling at High Temperatures. This method is adapted to 
asphalts and other bituminous substances comparatively free from volatile constituents, 
and incapable of distilling without suffering deconi|>osition 

Substances Fusing below 300° /•’. When it is desired to determine the per¬ 
centage of moisture without using the residue for other purposes, a convenient 
method consists in weighing 11)1) g. into a distilling flask, adding 200 cc of kerosene 
in the case of asphaltic products, or toluol in the case of tar products, and wanning 
gently under a reflux condenser until the bituminous substance mixes with the 
solvent. Cool, add a quantity of dry pumice-stone to prevent bumping, and distil 
into a graduate until the liquid comes over clear The distillate is then allowed to 
settle by gravity, and the volume of water read off directly; or else the water may 
be withdrawn with a pqielte, and weighed. This method is said to be accurate 
to approximately 0.033 g. of water }ier 100 c.c. of toluol or kerosene present m the 
distillate. 1 

Where the hydrated material is to be used for further examination, 2. r > g are 
weighed into an Krlenmeyer flask, through which a current of dry illuminating gas 
is passed, and maintained at 105° C. for 1 hour The vnjiors are led through a 
return condenser maintained at ft) 0 C, and then into a weighed calcium chloride 
tube. When all the moisture is driven off, the calcium chloride tube is reweighed 
and the moisture calculated If constituents are present volatilizing I elow ft) 0 C, 
tin* return condenser should be maintained at a corresjHinding lower temperature 

Substances Fusing above. 300° F. In this case the material is comminuted bv 
powdering (to about (X) mesh) or shaving, and a weighed quantity spread m a 
thin layer on glass and maintained m an oven at 125° C for 1 hour, or until the 
weight becomes constant. If the substance is oudizablc in air, it should be heated 
in an atmosphere of illuminating gas. Cool in a desiccator, reweigh and calculate 
the |>er cent moisture. 

Tests 26. Carbon, and 27. Hydrogen. Carlxm and hydrogen arc 
grouped together, because both are generally determined simultaneously. 
These are of value in establishing the identity of bituminous materials, 
in eonnection with the corresponding percentages of sulphur, nitrogen 
and oxygen. 

The electrical combustion method is now used almost exclusively for determining 
carbon and hydrogen. A weighed quantity of the material is caused to undergo 
combustion and the gaseous products are thoroughly oxidized by being passed over 

•"Methods for the Determination of Water in Petroleum and its Produrts," hy I C Allen 
*nd W. A. Jacolis, Teah Paper 2f>, Dept of Interior, Bureau of Mines, Wash , L> C*, 1912. 
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red-hot copper oxide and lead chromate. The water generated is alisorlicd ni a 
weighed Marchand calcium-chloride tula*, and the carUm dioxide in. a weighed 
Liebig bulb containing a 30 per cent solution of potassium hydroxide A furnace 
of the lieraeus type (Mg. 180) consist mg of electrical heaters a, h, and r; two of 
which, namely, a and b are mounted on sheave wheels running on a track so they 
may l>c moved along the combustion tulie; the third heater r being stationary and 
constructed by winding an alundum or fused quartz tuln* 

12 cm. long with No. Hi ni chrome II wire, and enclosed in 
a cylinder packed with iimgnesia-aslx»sto.s Heater c sur¬ 
rounds the lead chromate in the combustion tulie. The 
movable heaters a and b have thin platinum foil (weighing 
about 0 g. in all) wound on a jioreelain or fused quartz 
combustion tulie of 30 mm. internal diameter The large 
heater 6, 350 nun long, surrounds the copjier oxide, and 
the smaller one «, 200 nun long, heats the sample m the 
boat. The combustion tube d of Jena glass or fused silica, 
measuring 21 nun. external diameter and 900 mm long, is 
supjiorted by an asbestos-lined nickel trough e The current 
through each heater is regulated by separate rheostats / 
and g, the healing coils a and 6 requiring almuI 4 5 nmix*res 
at 220 volts. 

The furnace is arranged so either air or oxygen may 
be passed through the combustion tulie, and is equipjied 
with two punfwng trains in duplicate (of which hut one is 
shown in the figure) connected to the combustion tulie by 
a Y-tube, the joint liemg made tight by a rubber stopjier 
The purifying apparatus // contains the following reagents 
in order of the passage of the air or oxygen through them: 
sulphuric arid i, for removing any traces of ammonia: a 
30 per cent potassium hydroxide solution y, granular soda- 
lime A - ; and granular calcium chloride / One of the puri¬ 
fying trains is connected directly with an oxygen tank 
provided with a reducing valve for regulating the pressure, 
and the other lieing used for purifying the air supply, which 
is drawn through the apparatus by an aspirator connected 
with the other end of the combustion tulie 

The first 30 cm of the combustion tul*o arc empty; then 
comes an asliestos plug (acid-washed and ignited), the next 
40 cm are filled with copper oxide gauze, then a second as¬ 
bestos plug; then 10 cm of fused lead chromate, and finally 
another asliestos plug 20 cm. from the end of the tulie 

The absorption tram consists of a 4-m. 1-tube in filled 
with granular calcium chloride (previously saturated with 
carbon dioxide) to absorb the moisture This in turn is 
connected to a Vanier potash bulb n containing a 30 i**r cent potassium hydroxide 
solution and granular calcium chloride. The potash bulb is connected with an 
aspirator through the guard-tube o containing granular calcium chloride and toda- 
lime. A Mariotte flask p, serves to keep the suction constant. 

It is important to see that all connections are made tight. Before starting a 
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dete 1 miration or after any changes in chemicals or connections, a blank test should 
be run by aspirating 1 liter of air through the apparatus, which is heated in the 
same manner as though a determination were being made. If the Vanier bulb n 
or the calcium chloride tube m show a change in weight of less than 0.5 mg. each, 
the apparatus may be considered in a satisfactory condition. 

Approximately 0.25 g. of the bituminous substance is carefully weighed into a 
porcelain or platinum boat and transferred to the combustion tube which should lie 
cool for the first 30 cm., the copper oxide at a bright-red heat, and the lead chro¬ 
mate at a dull-red heat. The boat should be introduced rapidly near the asbestos 
plug at the beginning of the copper oxide, the stopper connecting with the purifying 
tram replaced and pure oxygen passed through at the rate of 3 bubbles per second 
The current is gradually turned on heating coil a, which at the start should be at 
the right of the boat. By manipulating the rheostat, and gradually pushing the 
coil towards the boat, the evolution of volatile matter is carefully controlled to 
prevent too rapid an evolution of gas and tar, which may either escape complete 
combustion or be driven back into the purifying train. The heat should accord¬ 
ingly be increased slowly by manipulating the rheostat, until the sample ignites, 
whereupon the temperature may be increased rapidly. Any moisture collecting 
in the end of the combustion tul>e or in the ruhtor connection joining it to the 
calcium-chloride tulie m is driven into the latter by carefully warming with a hot 
tile. After the sample ceases to glow, the oxygen is continued for 2 minutes, 
whereupon the heat is turned off, and 12(X) cc. air aspirated through the trail*. 
The absorption bulbs are disconnected, wiped dean, allowed to cool and weighed 
The percentage of carbon is equal to the increase in weight, of the KOH bulb (n) 
multiplied by 27.27 and divided by the weight of the sample. The percentage of 
hydrogen is equal to the increase in weight of the CaC’L tulxj (w) multiplied by 
11.19 and divided by the weight of the sample. 1 

Test 28. Sulphur. This test is also used for differentiating and identify¬ 
ing bituminous substances. 

A number of methods have lieen proposed for this purpose, but the most rapid 
and accurate one consists in igniting about 1 g. of the material in an approved 
form of liomb calorimeter, preferably of the Berthelot type (500-600 c c. capacity), 
containing 10 c.c. of water and filled with oxygen under a pressure of 30 atmos¬ 
pheres. The bituminous substance is weighed on a small lump of chemically pure 
cotton (fret; from sulphur) and placed on a small platinum cone, which in turn is 
suspended from a copper wire. The cotton is connected with a thin platinum wire 
forming a short-circuit Itetwecn the suspended copper wire and the return conductor. 

After the combustion has taken place, the bomb is allowed to cool for 15 
minutes, then ojiened up and its contents washed into a beaker. If the bomb has 
a lead washer, 5 c.c. of a saturated solution of sodium carbonate should lie added, 
and the contents boiled for 10 minutes to decompose any lead sulphate emanating 
from the washer. The solution is then filtered, washed, acidified with 5 c.c. of 
dilute hydrochloric acid (1 ;2), lioiled to expel any carbon dioxide, and precipitated 
with 20 c.c. of a hot 5 per cent solution of barium chloride. The solution is allowed 

‘"Method* of Analysing Coal and Coke," by F. M. Stanton and A C Fieldner, Tech Paper 
8, Dept, of Interior, Bureau of Mine*, Waah, D C., 1013. "Standard Methods for Laboratory 
Sampling and Analysis of Coal" (Serial Designation: 1) 22-16), A S T M. Standardt. Adopted 
19t6, 505. 
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to stand for at least 2 hours at a temperature just lielow its Ixuling-point; and th« 
following day is filtered through an ashloss paper and washed with pure hot water 
until a drop of the filtrate shows no precipitate with silve» nitrate solution 
The test for excess of harium chloride is made by adding a few drops of sulphuric 
acid to the filtrate. The precipitate is then ignited in a weighed fused silica cru¬ 
cible, cooled and weighed. The weight of the barium sulphate multiplied bv 13 74, 
divided by the weight of the sample is equal to the percentage of sulphur prevent 1 
The Esehka method for determining sulphur is not recommended for bituminous 
materials 

A rapid test, for detecting the presence of sulphur qualitatively. 3 consists in 
dissolving 10 g of the substance in 25 cc. ltenzol with gentle heating, cooling and 
adding 30 cc. N/2 alcoholic potash, shaking, and then rapidly dilutirg with 2U) cc. 
9t> jx‘r cent alcohol. After standing a short time, the liquid (which should test 
alkaline to phenolphlhalem) is decanted The residue is washed with alcohol, 
dried cm a water bath and finally at 105° C. It is then heated with 100 tv of 
ether under a reflux condenser, and a few' lumps of granular calcium chloride arc* 
added. After cooling, the liquid is filtered into a test tule to remove any insoluble 
matter present, and the solution mixed with 20 cc. 2 jut cent mercuric bromide 
m ether, and allowed to stand overnight. If a precipitate forms, it is filtered off, 
washed with ether, and dissolved from the filter pajx*r with warm benzol If any 
sulphur-bearing bituminous substances are piesent, including petroleum or native 
asphalts, the precipitate will dissolve in the* benzol forming a dark brown solution 
(any mercurious bromide present remaining undissolved) On evnjxiralmg the 
benzol, the mercurie-broiuide-sulphur-comjxiund is dcjxjMted as a dark brown to 
black brittle mass. 

Test 29. Nitrogen. This determination is also used for identifying 
bituminous products, and the procedure ordinarily employed constitutes 
the well-known KjcldahMlimning method. 3 

One gram of the bituminous material, whic h should lie finely jxiwdered when suffi¬ 
ciently hard, is boiled with 30 cc of concentrated sulphuric acid, 7 10 g of |m>Iuh- 
sium sulphate, and 0.0-0 S g of metallic mercury hi a 500-ec KjHduhl flask until 
the material is completely oxidized and the solution lx'comes clear I he boiling 
should l>e continued at least two hours after the solution reaches the straw-colored 
stage, the total time required ranging from 3 to 4 hours After the solution has 
cooled, a few crystals of |x)tassium jx*rmanganate are added to insure complete 
oxidation. When thoroughly cool, the solution is diluted to 2tX) cc. with cold 
water, again cooled, and the following solutions added' 25 c.c. of a 4 j#.*r cent 

•"The Sulphur Content of Fuels. and lain wily Petroleum Product!.'* by I C Allen and 
I W Robertson, Tech Paper 2b, Rurouu of Mines. Dept of Interior. Wash. 1) C, 1012. "Sul¬ 
phur m Tar Residues," by Prfwat Hubbard and V S Reeve. I’roc Am Sor T'^ng MatmaU. 
11, fififi. 1011. "The Detection and Determination of .Sulphur in Petroleum," by C K brand* 
and C W Crawford, J InJ Ktg f'fum , t, 470, JU17 

t "j. Marcusson, "The tomp*sition and ],*»nunat»on of Kcaiduca from bat Distillation." 
loC C|' 

■••Method. of Ao.ly.ins 0.1 and Cokt." I.y F M Stanton nnd A C Firldnrr. Te.li F.prr *, 
Bure.u of Mim Dent of Interior. «««h , II C. IWJ. " lltlwn,nation id Nitrosen in <o«l.'' 
by A C. Fieldn.r .nd C A T.jlnr, 1r.li P.|*r M, llurnu <d Mini*. Urpt of Interior. "mIi. 
D C, 1915 "Standard M.thoil, for l.abnrntory Hr.m|jl,rm nnd An.ly.i, of Foul " iHrrin) I>r,t*ritt- 
tion I) L'lMdo A S. T M. Stawbml*. AilujAnl tMO, .'.70 
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zolutionof potassium sulphide to precipitate the mercury; 1-2 g. of granular zinc 
to prevent humping; and finally enough saturated sodium hydroxide (usually 
80-100 c.c.) to make the solution distinctly alkaline. The danger of losing ammonia 
may be minimized by holding the flask in an inclined position while the sodium 
hydroxide solution is being added and carefully running the alkaline solution down 
the side of the flask so it will form a layer below the acid solution. The flask 
should then lie at once connected with the condensing apparatus, and the solution 
mixed by gently rotating the flask. 

The ammonia is then distilled into 10 c.c. of standard sulphuric acid solution 
at the rate of 100 c.c. per hour, until 150-200 c.c. of distillate have passed over. 
The distillate is then titrated with standard ammonia or caustic soda solution, 
using cochineal aa indicator with the former, or methyl orange with the latter {20 
c.c standard ammonia or caustic soda solution are equal to 10 c.c. of standard 
sulphuric acid, and also equivalent to 0.05 g. nitrogen). 


Test 30. Oxygen. There being no satisfactory direct method for 
determining oxygen, it is computed by subtracting the sum of tiie per¬ 
centages of hydrogen, carbon, nitrogen, sulphur, water and ash from 
100 per cent. The result so obtained is affected by all the errors 
incurred in the other determinations, and especially by the change in 
weight of the ash-forming constituents on ignition. Iron pyrites will 
absorb oxygen from the air and change to ferric oxide, increasing the 
weight of ash, and thereby causing a negative error in the oxygen, 
equivalent to three-eighths of the pyritic sulphur. Any calcium car¬ 
bonate present will tend to absorb sulphur combined with the bitu¬ 
minous constituents (p. 520). On the other hand, there is always a 
loss on ignition of “water of composition" from the clayey and shaley 
constituents, also carbon dioxide from carbonates, etc., which tend to 
compensate for the absorption of oxygen. 1 

Test 31. Free Carbon in Tars. This represents an adaptation of 
Test 21 suitable for testing tars and pitches for the presence of non- 
mineral matter insoluble in hot toluol-benzol, which has !>cen found 
the most satisfactory menstruum for this purpose. 2 This test is of 
value for purposes of identification, for ascertaining the adaptability 
of the tar or pitch for a given purpose, and for gauging the uniformity 
of supply. Tars and pitches containing large percentages of free carbon 
are objectionable for certain purposes of manufacture, since the free 
carbon acts as so much inert matter, and furthermore is insoluble in 
all solvents. 

‘"Standard Methods for Laboratory Sampling and Analysis of Coal" iSerial Designation- 
D 22-16), A. S. T. M. Standards, Adopted 1910, 571 

‘‘‘Free Carbon in Tara," by J. M. Weiaa, J. tn(( Eng Chem , 6, 279, 1914, ‘‘Some Effeeta of 
Certain Solventa on Tara in the ‘Free Carbon’ Determination," by G. S. Monroe and H J. 
Broderaon, J. Ind. Eng. Cktm., 9, 1100, 1917. 
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The apparatus used was devised hy U. J. Cary-Curr' and is illustmtnlTii Eig. 
190. The filtering medium may consist cither of a pa]K'r tlnnihle nr two tliirlmcssea 
of Schleicher & Schuell’s No. 575 hardened filter inper, 15 cm. m diameter, arranged 
in the shajie of a cup by folding symmetrically around a slick I in in diameter It. 
should be soaked in lienzol to remove any grease, 
dried in an oven, desiccated and weighed. 

Tars must lie dehydrated before extracting, 
and pitches if sufficiently hard, ground to a fine 
powder. In testing materials eon taming more than 
5 [>er cent of free carbon, 5 g should be used, 
and 10 g with smaller jxTeentagos. Weigh a 
suitable amount in a 10()-e e. Iieaker and digest 
with .50 ee e p. toluol on a steam bath with 
constant stirring for not exceeding MO mmutes 
Place the prepared filter pafier in a carbon filler- 
tube and decant the toluol extract through it 
Wash with hot cp. toluol until the filtrate is dear, 
usnga “policeman” unaffected bv toluol for detach¬ 
ing any I nr carbon adhering to the beaker. Finally 
wash the filter with hot c.p lienzol, and after 
draining, cover it. with a cap of filter pajrr or 
alundum ware, and extract, it m the apparatus 
with cp benzol until the drippings become color¬ 
less. This will take at least 2 hours The filter 
is then removed, the cap taken off, the pa|K*r 
dried m a steam oven, eooled in a desiccator and weighed With pitches it is well 
to examine the free carbon for foreign matter, such as wood slivers, pieces of 
bagging, etc. If such foreign matter is present, ihe test should Ik; rejected 2 

Test 32. Naphthalene in Tars. Naphthalene is present in tars and 
pitches generated at high teinj>ernttires, including those derived from 
coal. It is produced by the condensation of two or more hydrocarbon 
molecules accompanied by the elimination of hydrogen. (Sen? p. 227.) 
The following test is used solely for purposes of identification: 

One hundred c.r. of tar, or 1(X) g. of pitch are weighed into a fared Kngler 
flask, and distilled by the flask method (Test 20o, p 521). With tars the dis¬ 
tillation is continued until 95 per cent has l»een distilled off, and in the case of 
pitches it is stopped when the temperature reaches 355° C\ The time of distillation 
should occupy about 20 minutes, and the condenser tube heated to prevent the dis¬ 
tillate from solidifying in it The distillate is caught in a separatory funnel, the 
lower portion of which is graduated This is immersed in water at 00° C. and 
a reading taken, whereupon 50 cc. of a 10 per cent eaustic soda solution are 
added, shaken, allowed to settle, and the clear soda drawn off. The contents are 
warmed again to 60 0 C., and the loss in volume noted. Shake with another 30 c.c. 

'J. Ind Eng Chtm , 4. 535, 1912 

* " Tentative specification* for Coal-tar Pitch for l-w mi Damp-proofing and Waterproofing,'* 
(Serial Designation. D 42-17 T ), Proe Am Six. Titling Material", 11, Part I, 719, 1917, 
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of soda,-and observe whether there is any further diminution in volume. If so, 
repeat until jio further shrinkage occurs. The total shrinkage represents the tar 
acids present in the distillate. 

The oil which is unacted upon is placed in a copper leaker maintained at 60° F. 
for 15 minutes, and the separated naphthalene filtered on a paper in a perforated 
funnel, using suction. The naphthalene is pressed between several sheets of filter 
paper in a letter press to remove the adhering oil, weighed, and its percentage 
calculated. 

Test 33. Solid Paraffines. Until recently, it was considered that the 
presence of paraffine was an indication of the quality of asphaltic 
products, and many specifications stipulated the maximum percentage 
permissible. It is now generally conceded, however, that there is no 
rational bearing between the solid paraffines in asphaltic products and 
their quality. The determination of paraffine is therefore of value 
only for purposes of identification. Solid paraffines are never found in 
asphaltites, rarely in natural asphalts, and only traces in asphalts pro¬ 
duced from strictly asphalt-base petroleums. On the other hand, more 
or less paraffine is present in asphalts derived from non-asphaltic and 
mixed-base petroleums. It is absent in tars and pitches derived from 
high temperature distillation processes (see table p. 483). 

The following method docs not give absolute figures, since it merely discloses 
the paraffine hydrocarbons which are solid at room temperature, without taking 
the liquid paraffines into consideration; nevertheless the results arc of value for 
purposes of comparison. 1 Weigh 50 g of the material in a tared fi-oz glass retort, 
and slowly distil until nothing but a residue of coke remains. The distillation 
should take in the neighborhood of 45 minutes from the time the first drop comes 
over. The distillate is caught, in an Erlcnmeyer flask, and weighed. Either 5 or 
10 g. of the well mixed distillate, depending upon the quantity of solid paraffines 
present in the crude material, are transferred into a large test tube and dissolved 
in 25 c.c. of absolute ethyl ether and 25 cc of absolute ethyl alcohol A similar 
mixture containing 25 c.c. each of ether and alcohol is made up, and this together 
with the oil solution is cooled separately to exactly 0° F. for \ hour in a mixture 
of ice and salt (to which if necessary calcium chloride may be added) The oil 
solution is then rapidly filtered through a weighed Gooch crucible, similarly main¬ 
tained at 0° F. by a jacket of ice and salt, and washed with 50 c.c of the cooled 
ether-alcohol mixture. A simple and convenient apparatus consists of an inverted 
bottle 6 in. in diameter, having the bottom cut off, and attached to the same rubber 
stopper which supports the funnel holding the Gooch crucible. The space between 
the bottle, the crucible, and the supporting funnel is packed with the ice and salt 
mixture. The Gooch crucible is then removed, the outside wij>ed dean, placed on a 
tared glass and dried in an oven at 80° C. until the last traces of ether and alcohol 

‘•‘The Modern Asphalt Pavement," by Clifford Bichardaon. 2nd Edition, 558, 1908; "Cnter- 
nuehung der Kohlenwaaaeratoffble und Fette,” by D. Holde, Berlin, 45, 1913, “Laboratory Manual 
of Bituminous Material#,” by Fftvoft Hubbard, N, Y., 100, 1016, 
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are evaporated. The residue is weighed, and (he percentage of solid paraffines 
calculated in the original 50 g. of substance taken for analysis. 1 

According to Holde (lot*, cit.), the refractin' index of the solid paraffines will 
indicate whether the original substance was ozokerite or paraffine, or a mixture 
of the two. An alcoholic extract is tested at 00° C. on the Zeiss hutyro-refractom- 
eter.. The residue from ozokerite will show a refractive index of 115-170, 
whereas the solid paraffines derived from petroleum, shale, lignite, etc., will test 
between 1 C and 0.8. 


Test 34. Saturated Hydrocarbons. This method was devised by 
Richardson, 2 and serves to distinguish between various asphaltic products, 
including native asphalts, asphaltites and petroleum asphalts. It is 
used for purposes of identification. 

The portion soluble in 88° petroleum naphtha, separated as in Test 23, is brought 
to exactly 100 c.c. either by adding more 8S° naphtha or else by evaporation. 
'Hus is then shaken in a 500-c c separatory funnel at 77° I 1 ’, for exactly 3 minutes, 
with 30 cc. of a mixture of concentrated sulphuric acid and fuming sulphuric acid, 
having a specific gravity of 1 84 at 77° F. The funnel is allowed to stand quietly 
overnight, whereui>on the acid is drawn off and the oils unacted uj>on treated with 
another 30 c.c. of the acid. This time a few hours standing should effect a sharp 
separation. If the second acid layer is strongly colored, the treatment should lie 
repeated a third time 'flic naphtha solution is washed successively with water, 
a 5 per cent solution of sodium carbonate and finally with water. I he solution is 
evafwirated to dryness over a steam bath and the residue weighed This is rqunl 
to the saturated hydrocarbons present in the portion soluble in 88 petroleum 
naphtha. As a guide m evaporating the last traces of naphtha from the saturated 
hydrocarbons, a blank test should be run on ItK) ec. of the 88* naphtha, whereupon 
the portion unacted upon is mixed with 0 75g of a non*asphaltic |>et role urn residuum 
and evaporated on the steam bath alongside of the sample under test, until the 
former is reduced to exactly its original weight 

The results are expressed as the f.creditage of saturated hydrocarbons present 
in the portion soluble in eaibon disulphide (Test 21o) This is calculated in the 
following manner- If « represents the I .credit age soluble in carbon disulphide, 
b the iiercentagc soluble in Ss° naphtha and r the jx-rcentage of saturated hydro¬ 
carbons m 6; then the saturated hydro,-arlsms present in the imrtion uoluble m 
hr 

carbon disulphide will equal — X100. 


Test 36. Sulphonation Residue. This test expresses (lie percentage 
of saturated hydrocarbons in the distillate lietween 316 and 355° C. 
obtained upon subjecting the bituminous substance to the Mask method of 


. t„ .nrHe.l ..tit.... I.v tw ..'> .. HM-olviWC 10 . the iuMnn" 

in Ihr n.rmile.t nnm.inl ..I bentol, .p|.lv..« I. -I ndd.n, »*>'*. of »«m “ ™l*"“- 

fUtentu thtowh .. lull™-. r.rlh ,...d ... ..'I. -J.l.l.».■»! »»"" »»” "■I.HtH. unlit ' » M trnl' 

,, rlrttr Tin. remove, (I.v d»rk-e.,l..red wplmlhr .ul«tnnrr«, uhirh run,.,.. rtWbed l.y tlw lull™ . 
earth The filtrate r„nt„.u»« the ,■.ruffin' i. d»hlW "• » «"»» |'»«h _«nenrn fiuHn o. Uu - 

water bath, the roiduc dnuolved in tl.i e e ..I ether arxl 2-. 

t "The Modern A»pl.nlt I’aven.eiit," 2nd Kdition, N 1 . 511,11117, 


of alcohol, and treat*d aa deanril/cd 
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distillation (Test 20a). It is used to differentiate tars and pitches 
among themselves as well as from mineral waxes, asphalts (native and 
pyrogenous) and asphaltites. The figures for coal-tar pitches have 
already been given on p. 252. The author cites the following addi¬ 
tional figures: wood-tar pitch 0 per cent, saponifiable fatty-acid 
pitches 0 per cent, unsaponifiable fatty-acid pitches 0 per cent, residual 
asphalt from Mexican asphaltic petroleum 80 per cent, wurtzilite 
asphalt 87 per cent and gilsonite 85 per cent. 

The method of determining the sulphonation residue as proposed by Dean & 
Bateman, 1 consists in distilling sufficient of the material under examination by the 
flask method (Test 20a) to obtain at least 10 e.c. of distillate tetween 315 and 
355° C. Exactly 10 c.c. of this fraction are measured into a Babcock milk bottle, 
and 40 c.c. of 37 normal sulphuric acid added, 10 c.c. at a time. The bottle and 
its contents are shaken for 2 minutes after each addition, and when all the acid 
has been added, the bottle is kept at a constant temjierature of 98-100° C. for 
one hour, during which it is shaken vigorously every 10 minutes. At the end of 
the hour, the bottle is removed, cooled, filled to the top of the graduations with 
ordinary sulphuric acid, and whirled for 5 minutes in a Babcock separator. The 
unsulphonatcd residue multiplied by 2 gives the percent by volume directly (each 
graduation being equal to a J tf of a c.c.). 

It is important that the acid should be of the projior strength. A mixture of 
fuming .sulphuric acid and ordinary concentrated sulphuric acid should be pre¬ 
pared to contain exactly 80.07 per cent of SOa, which constitutes 37 normal acid. 
If the sulphonation residue is dark in color, it should be treated with an excess of 
a 10 per cent sodium hydroxide solution, and if soluble in this reagent, the test is 
regarded as negative. 

The “dimethyl sulphate test ” 2 was originally proposed for this purpose, but 
has been since disregarded on account of its unreliability. 

Test 36. Mineral Matter. Under this heading we will consider 
in detail the examination of the mineral matter, including the portion 
present in the uncombined state; the portion combined with non¬ 
mineral constituents; a qualitative or quantitative chemical analysis; 
also microscopic and granularmetrie analyses. The distribution of the 
mineral matter, its chemical analysis and microscopic examination are 
of value for purposes of identification, its granularmetrie and in some 
cases its chemical analysis serve as an indication of its adaptability 

‘".The Anal>si» and Grading of Creosotes," Forcflt Service Circular 112. Wash .DC, 
lication of the Sulphonation Teat for Creosote,*' Forest Service Circular 101. Waah, D C. 
"Methods for Testing Coal Tar and Refined Tara, Oile and Pitches Derived Therefrom." by S H. 
Church, J. Ind Eng Hum. i. 233. 1911; 5, 190. 1913. "Paraffin Bodies in Coal Tar Creosote 
and their Bearing on Specifications,*’ by S. R. Church and J. M. Weiss, J. Ind Ena. Chtm , 6. 
398. 1914. 

1 " Methods of Asphalt Examination,** by Albert Sommer, J. Ind Eng Chtm , t. 181. 1910. 
Application of the Dimethyl Sulphate Test for Determining Small Amounts of Petroleum or 
Asphalt Products in Tars," by C. S Ileeve and H. H Lewis, Congress of Applied Chemistry, 
If, 727, 1912; J. Ind. Chtm., t, 293, 1913. 
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for a given purpose, particularly where it is desired to determine the 
resistance to acids or alkalies, etc. The percentage and •distribution 
of the mineral matter and its granularmetric analysis arc used for 
gauging the uniformity of supply. The percentage of mineral matter 
present, and its granularmetric analysis serve as a criterion of the quality 
for paving purposes. 

Test 36a. Uncombined Mineral Matter. This includes the non-mineral matter 
insoluble in carbon disulphide, and corres]>onds to the results obtained by lest 21ft 
(p. 5211). Any uncondoned mineral matter or colloidal particles tine enough to 
pass through an asliestos filler would not be included in this determination 

Test 37b. Mineral Matter Combined with Non-Mineral Constituents. Tins is 
ascertained tiy evaporating the carbon disulphide extract of the bituminous aggre¬ 
gate (Test 21'/), burning the residue and ascertaining the weight of the ash llius 
obtained, it will include: (1) the mineral constituents chemically combined with 
the bituminous matter; (2) colloidal mineral constituents which pass through ail 
asbestos filter. 

The appearance of the ash on ignition will indicate which of those fwo classes 
is present. If the ush appears as a gossamer-like froth, it will indicate fltnl the 
mineral matter is chemically combined with the bituminous constituents, if the nth 
forms a fine powder, it is an indication that it exists in the form of colloidal particles. 

Test 38c. Chemical Analysis of Mineral Matter. This may include a qiialilo- 
tive or a quantitative analysis, by any of the methods ordinarily used for this 
purpose, if a quantitative analysis is to be made, the reader la referred to Ihc 
following sources, viz.: 

M mi ml Cm,/tit units Snlurallii P taunt mnl Mini Filins: "Tentative Methods 
for Ultimate Chemical Analysis of liefractory Materials," Norml lhwgiiHtn.ii C IH 
17 T), I’roc Am Sor Testing Materials, 17, 1’art f, 671, 1917; "Standard S| mlini- 
|ions and Tests for Portland Cement ” (Semi Designation; C 0-17), A. S T M 
Stanilimls , /Id"/,to/ WW, 432 

AMnl W'Me Pigments. “Standard Methods for Houtinc Analysis of White 
Pigments," A. S■ T M Simulants. Aitailul in lull, IS 

AMnl Yellow, Hal or llrmni Pigment/, “Tentative Methods for Hoillme Analy¬ 
sis of Yellow, Orange, lied and Brown Pigment* Containing Iron and Manganese,’’ 
(Serial Designation: D 50 17 T), Pnx. Am. Sac. Testing Materials, 17, l’art I, 802, 
1917. 

Test 39d. Microscopic Examination. This is performed by examining a small 
quantity of the mineral matter on a microsco|ic slide under a magnification of 100 
diameters. The method is adapted only to finely divided mineral matter, and in 
many cases serves to identify the various forms, such as infusorial earth, clay, silica, 
etc. This test will also give an idea as to the relative fineness of the particles. 

Test 36e. Granularmetric Analysis. The methods winch follow have been 
standardized by the American Society for Testing Materials 1 for mineral aggregates 


i" Snoots,d Mf.hcd let Msk.na » Meet,™ 1 ™' 'n.K.b "I F""’ 

Fl „p, („, . . Aasrrtatee V«<! m (•'m™iC..i.cr.,0 ’<S.™l I>-ZMli,.., 11 Mil). Kooi.lind 

Mr.ll for Mnkins » Merh.ni.at ta.lv- .4 H...k.n S.oor or Broke,. Shut t «"_!<' '"r '*are».e. 

l!,„| ,„ fro,,Ml fooro'lr " ISrn.l I„» »"-*«>- ^ 

rsl Anntj-i- .,t Mom.™ of ", <l>h.r F,ne M.trn.l »„h Brokro Htoor or Brohn. Hl«. I m l* 
lor Ann-aoln r*.l in f>mro. f"n.n-W (Srrisl Dr»,«o.l,o„. » U-TO. 4. X T SI- Mimdard., 
Adopted m 1016, MS. ai:d ipib- 
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used in Connection with highways. The following three methods have been 
adopted: 

For Sand or Other Fine Highway Material. The method consists of: (1) drying 
at not over 230° F. to a constant weight a sample weighing 50 g.; (2) passing the 
Bample through each of the following mesh sieves. 


Meshes Per 

Diameter of Wire. 

Linear Inch 

— 

— 

(2.54 cm.). 

In. 

Mm. 

200 

0 00235 

0 05909 

100 

0 0045 

0 1143 

80 

0 00575 

0 1400 

50 

0 009 

0 22865 

40 

0 01025 

0 20035 

30 

0 01375 

0 34925 

20 

0 0105 

0 4191 

10 

0 027 

0 0858 


The order in which the sieves are to la* used in the process of sifting is imma¬ 
terial and shall 1 m* left optional; but in rej>ortmg results, the order in which the 
sieves have l>een used shall be stated; (3) determining the percentage by weight 
retained on each sieve, the sifting lining continued until less than 1 per cent of the 
weight retained shall pass through the sieve during the last minute of sifting; and 
(4) recording the mechanical analysis in the following manner: 

Passing 200-mesh sieve % 

Phssiiik 100-meah sieve and retained on a 200-mesh sieve % 

I’aBsitJK 80-mesh sieve and retained on a lUO-mesh sieve % 

Passing 50-mcsh sieve and retained on a 80-mesli sieve . % 

. % 


Total .100 00% 

For Broken Stone or Broken Slag. The method shall consist of. (I) drying at 
not over 230° F. to a constant weight, a sample weighing in pounds 6 times the 
diameter in inches of the largest holes required; (2) passing the sample through 
such of the following size screens having circular openings as are required or called 
for by the specifications, screens to lie used in the order named: 31, 3, 2\, 2, 1J, 
11, 1, J, ) and 1 in.; (3) determining the percentage by weight retained on each 
screen; and (4) recording the mechanical analysis in the following manner: 


Passing j-in screen % 

Passing 1 -in screen and retained on a {-in screen. . % 

Passing |-in screen and retained on a {-in screen % 

Passing I -in screen and retained on a J-in screen. . % 

. • • • % 


T'** 1 . 100 00 % 


For Sarul or Other Fine Material unth Broken Stone or Broken Slag. The method 
shall consist of: (1) drying at not over 230° F. to a constant weight, a sample 
weighing in pounds t> times the diameter in inches of the largest holes required; 
(2) separating the sample by the use of a screen having circular ofietiings { m 
in diameter; (3) examining the jiortion retained on the screen in accordance 
with the method for broken stone or broken slag; (4) examining the portion passing 
the screen in accordance with the method for sand or other fine highway material - 
^nd (5) recording the mechanical analysis in the following manner: 
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Pasting 200-merit sieve 

Passing 100-mesh sieve and retained on a 200-mesh Bie\e 
Passing 80-meah sie\e and retained on a KXt-ineah sieve 

Passing 10-mesh sie\e and retained on a 20-nicsh Bieve 
Passing J-in wreen and retained on a lO-mesli sieve 

Passing J-m screen and retained on a i-m screen 

Passing J-in screen and retained on a J-m screen 


Total 


100 00 % 


Elutriation Test for Sami or Fine 
Filler This lest, is adapted to fine 
mineral particles passing a 200-mesh 
sieve Place 5 g in a lieaker about 
120 min high, holding 000 c <*., and 
fill almost to the top with distilled 
water at exactly 70° F. Agitate 
with compressed air until the min¬ 
eral particles are brought into 
suspension, and m such a manner 
that no whirling results Stop the 
I last and allow the liquid to stand 
exactly 20 seconds, whereupon the 
water above the sediment is im¬ 
mediately decanted through a 200- 
mesh sieve without, however, pour¬ 
ing off anv of the sediment The 
operations of agitation, sedimenta¬ 
tion, and decantation are related 
with fresh water three times The 
particles caught on the 200-mesh 
sieve are washed back into the 
sample remaining in the lieaker, 
which is dried to constant weight 
and weighed. The difference repre¬ 
sents the amount removed by 
elutriation, which should be ex¬ 
pressed in percentage. 1 

Test 36f. Specific Gravity of 
Mineral Matter. Two methods 
are recommended, depending upon 
whether the particles arc finer or 
coarser than 1 in in diameter. 

For Aggregates H7io.se Particles 
are fans than \ In. The U. S. 
Bureau of Standards’ Modifica¬ 
tion of Le Chateher’s flask is 



'“Standard Forms for Speuhcatinns, 
Tesla, Heports and Methods of Sampling 
for Hoad Materials," Bulletin No 5.55, 
l' S Dept Agriculture, Wash , D C, p 
32, Nov 20, 1917 


ff. 9 cm . ..>| 

I rout A S T M Standards 

PM Bureau of .Standards' Mollification of 
lx* ('hatcher's Sjiecific Gravity Flank. 
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used 1 atf illustrated in Fig. 191. It is first filled with kerosene to a point on the 
stem betweea 0 and 1 c.c., and 04 g. of the aggregate at. the same temperature as 
the liquid slowly introduced, and freed from air by rolling the flask in an inclined 
position. After all the aggregate has been introduced, the level of the liquid will 
rise to some division on the graduated neck, the difference lietwecn the readings 
!>eing equal to the volume displaced. The flask during the operation shall be im¬ 
mersed in water at a definite temperature. The specific gravity at this temperature 
is equal to the weight of the aggregate in grams divided by the volume displaced 
in cubic centimeters. 

For Aggregates Comjmed of Fragments Larger than \ In. The Goldbeck appara¬ 
tus- illustrated in Fig. 192 is used for 
this purpose; 1000 g. of aggregate are 
dried to constant weight, weighed to the 
nearest 0 5 g, and immersed in water for 
24 hours. 'I’he pieces are t hen individually 
surface-dried with a towel, the sample 
rcweighed and immediately introduced 
into the cylinder, which has previously 
been filled to overflowing with water at 
77° I’ The displaced water is caught in a 
tared beaker, and weighed. If the weight 
of the dry aggregate in air is a, and 
the weight of the displaced water h, then 
the apparent specific gravity is equal to 
a divided by b. The difference between 
the original weight of the specimen and 
its weight after 24 hours’ immersion is 
used to determine the jiercentagc of ab¬ 
sorption. If c equals the weight of the water absorbed by the dry specimen in 24 
hours, then the true specific gravity at 77° F. is equal to a divided by (b ~c). 

Test 37. Saponifiable Constituents. Under this heading will lie 
included tests applicable to oils, fats and resins, including the acid value, 
lactone value, ester value, and saponification value, also the separation 
of fatty and resin acids. These tests are adapted to certain bituminous 
substances for purposes of identification, also for gauging the uniform¬ 
ity of supply. They are especially suitable for examining: montan 
wax, wood tar and wood-tar pitch, rosin pitch and fatty-acid pitch, 
and to determine the quality of the last named. 

The relation between the acid, lactone, ester and saponification 
values, also the unsaponifiable and saponifiable constituents is shown 
in the following table: 

■Circular No 33. Bureau of Standards, p 27: “ Standard Specification!* and Testa for Portland 
Cement” (Serial Designation: C 11-17), .i ,S. T. M Standards, Adopted in 1016, 43C. "Specific 
Gravity of Non-Honiogeneoua Aggregates." by Provost Hubbard and F H Jackaoo, Jr., Proc Am 
Soe. Titling MattnaU, 16, Part II, 3,SO. 11116. 

•"Standard Forma for SpecificatiotiB. Testa. Reports and Methods of Sampling for Road Materials," 
Bull. No. 555, V 8 Dept of Agriculture, Wash , I) C . p 31. Nov 26,1917. 
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Free Fatty Acids 




Free Ream Acids 

Saponification Value 
(Saponifiable Matter) 

Lactone Value 

Anhydrides and I a< tones 


jNetitrnl Eats 

[Git rerol| 


Ester Value 

Fatty A< ids 



Waxes 

1 att\ And* 



Higher Alcohol* 

Unsaponifiable Matter 


Free Higher Mcohoi* 



Hydrocarbons 


The eaponification and mid values have l>een used for distinguish¬ 
ing between native and petroleum asphalts (p. 2DS), in accordance 
with the method proposed by J. Marcusson (see p. 545). 1 

Test 37a. Free Acids (“Acid Value”). Boil MX) g. of the material with 60 
c.c. of carefully neutralized 95 per cent ethyl alcohol for 20 minutes.’ The liquid 
is decanted from the insoluble residue while hot, the latter boiled with another 60 
cc. of alcohol, and the proecast repeated, until the extract no longer reacts acid with 
alkali blue (i-U (or phenolphlhalein). The residue is then disregarded. To the 
combined extracts, add 10 cc. of a 25 ]>cr cent barium chloride solution and 0 
drops of a :i |>er cent alcoholic solution of alkali blue 0-B (or an equivalent amount 
of 1 per cent alcoholic phcnolphthnlcin), and titrate raid with standard N/10 
caustic potash.’ As the free acids are neutralized hy the alkali, the barium soaps 
are precipitated, and at the same time the unauponifinl substances are thrown 
out by the water contained in the N/10 caustic potash, until at the done of the 
titration the solution heroines almost clear, rendering the end-point sharp. The 
acid value is equivalent to the rmmlier of milligrams of i*Uissium hydroxide 
required to neutralize the free fatty acids in 1 g of the substance. 

Test 37b. Lactones and Anhydrides (“ Lactone Value "). These are determined 
as follows: (1) Find the and value (Test 37<i), and the ester value (Test 37r) of the 
original substance. (2) Find the acid value (Test 37«) and the ester value (Test 
37d of a weighed quantity of the free acids Iilierated from the substance after 
saponification (Test. 39). If and and ester values (I) are equal to respective acid 
and ester values (2); then lactones only are present If acid value (1) ia leas than 
acid value (2), and ester value (2) is equal to 0; then glycerides only are present. 
If acid value (1) is leas than acid value (2), and cater value (1) is greater than 
ester value (2); then both glycerides and lactones arc present. 

The true ester value ia equal to ester value (I) minus cater value (2); and the 
true lactone value ia equal to ester value (2). 

• 2. ongev. Chem., 24 , 1297, 1901. 

i Bituminous materials with high (using-points should be fluxed to semi-liquid consistency with • 
biven weight of neutral paraffine oil , 

i Prepared by dissolving 5 612 g. pure caustic potash in 500 c c 05 per cent alcohol, diluting to 
exactly 1 litre with witer at 00* F. and carefully etandenlulna walnet sulpburir »cid o( known itrenlth. 
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The foregoing results may l>c cheeked by finding the acid values of the original 
substance anti the liberated acids. The true ester value equals the acid value of the 
free acids minus the acid value of the original material. Similarly, the lactone 
value is equal to the saponification value minus the sum of the acid and ester 
values. 

Test 37c. Neutral Fats (“ Ester Value ”)• The ester value corresponds to the 
numlicj of milligrams of jioiassium hydroxide consumed in saponifying esters 
(neutral fats, otherwise known as triglycerides). If lactones or anhydrides are 
absent, the ester value may lie calculated by subtracting the acid value from the 
saponification value. If lactones and anhydrides are present, then the ester 
value may lie calculated by subtracting the sum of the acid and lactone values from 
the saponification value. 

Test 37d. Saponification Value. The saponification value represents the num¬ 
ber of milligrams of potassium hydroxide consumed in the complete saponification 
of 1 g. of the substance. It represents the sum of the acid, lactone and ester 
values, and is ascertained in the following manner: 

Prepare a 5 |>cr cent solution of caustic potash dissolved in equal volumes of 
95 |K»r cent ethyl alcohol and 90 per cent thiophene-free benzol, and standardize 
against sulphuric acid of known strength. 1 Saponify 5 g. of the substance with 
50 c.c. of this solution by boiling under a reflux condenser \ to 1 hour, depending 
upon the rapidity with which the substance goes into solution. Evaporate the 
benzol on a water bath, add 100 c.c. water, boil, decant from the residue, add 50 
c.c. more water, boil, decant and re|>eat until all the alkali has been removed 
(tested by adding a drop of phenolphlhalcin). Combine the extracts, add 20 c.c. 
of 25 per cent barium chloride solution (BaClj-2H .O), and 3 c.c. each of a 1 per 
cent alcoholic phenolphlhalcin solution and a 3 per cent alcoholic solution of alkali 
blue fi-B. J Titrate the warm solution with N. sulphuric acid. As the barium hydrox- 
i.te become* neutralized, a copious precipitate of barium sulphate forms which 
renders the end-point distinct. When the color changes, boil, and if necessary 
run in more sulphuric acid until the color remains green on boiling. Calculate the 
quantity of caustic potash required for saponification. 

Test 37e. Estimation of Fatty and Resin Acids. If both fatty and resin acids 
are present in the mixture, it is not a simple matter to separate them quantita¬ 
tively. The method of procedure consists in first, saponifying a grams of the 
substance, sufficient to yield almut 5 g of the mixed acids, and separating the 
saponifiable matter as descrilied in Test 39. The fatty acids are then separated 
from the resin acids by the Twi'chell-dladding process as follows: 

Dissolve the mixed acids in 50 c.c. absolute alcohol adding any insoluble matter 
to the separated resin acids subsequently obtained. Cool to 10° C, pass in a 
stream of dry hydrochloric acid gas for 1 to 2 hours, let stand J hour at room 
temperature, dilute with five volumes of water, boil for 15 minutes under a reflux 
condenser, cool, and extract the fatty-acid esters and resin acids with benzol. 
Neutralize the aqueous solution, evaporate to a small bulk, acidify, and again 

‘ Approximately 45 o.o of N. sulphuric arid will be required to neutraliao 50 c c. of the 5 per 
cent caustic potash solution 

1 Marcuwon finds that by using the two Indicator* together, the end point of the titration is sharrer. 
being evidenced by a change in color from red to green 
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extract with benzol to remove any traces of acids not previously removed. Corn- 
bine the .extracts, now containing all the fatty-acid esters and resin ijculs, add 50 
c.c. of caustic potash solution (10 g caustic potash, 10 cc. ethyl alcohol, and 1(H) 
cc. water) to saponify the free resin acids, and draw off the aqueous layer together 
with any intermediate layer lietween the aqueous and I*nzol layers (containing 
resin soaps difficultly soluble in the alkaline liquor) Exhaust the aqueous soap 
solution with benzol to recover any fatty acid esters The combined benzol extracts 
are washed in turn with water, twice with 10 cc. of the jxitash solution, and 
finally again with water. The benzol solution containing most of the fatty acids 
in the form of esters is evaporated to a small bulk, saponified, the free fatty acids 
liberated with hydrochloric acid, separated and weighed as a check 

The resinous soap solution is united with the various aqueous and alkaline 
extracts, eva|>oratcd to a small bulk, acidified with dilute hwlroeldorir, acid, and 
extracted with ether to remove the free resin acids These are cvnjiornfed to 
dryness at 105° C. and weighed. 'Hie lesidue consists of the resin acids contami¬ 
nated w'ith more or less fatty acids which failed to become ohterfied Dissolve in 
25 c.c of 05 per cent alcohol in a 100-cc. stoppered noasuimg cylinder, add 2-4 
drops of a I per cent alcoholic solution of alkali blue t»-H, and neutralize with 
aqueous caustic soda solution (1 2). Heat on a water bath for 15 minutes, cool, 
dilute to 100-c.c. with ether, agitate, add 1 g of finely pulverized silver nitrate 
(dry), and continue the agitation for 15 minutes to convert the fatty-acid soaps 
into their corresponding silver salts. Settle overnight, decant 75 cc of the clear 
liquid into a separatory funnel, and shake with 20 e e dilute hydrochloric acid 
(l :2). Draw off the ether layer, and extract the aqueous solution with two 20 ce 
portions of ether. Combine the ether extracts, wa>h with 20 cc. water, filter 
into a tared crucible, cvajxirate to dryness at 105° C, weigh and add to the 
residue insoluble in alcohol mentioned above. The total residue consists of the 
practically pure resin acids (l> grams). 

45 

Per cent resin acids in original substances = -- X100 Since rcBins carry an uver- 

J'/ 

age of 8 per cent unsaponifiable constituents, their percentage may be approximately 
calculated as follows: 

t 1445 

Per cent resin in original substance = 


Test 38. Asphaltic Constituents. Tim met Imds which follow 
have been proposed bv J. Mureusson 1 for dilTcrcrilial iiik between 
native and petroleum asphalts (p. 2!W). They also give an insight 
into the composition of asphalts themselves, and in this respect the 
author regards them of special merit. The value and possibilities 
of these determinations do not appear to he generally appreciated, 
but as time goes on they will certainly lie recognized. The figures in 
table on page olti will illustrate their utility; the results for crude 
Trinidad and refined Bermudez asphalt are re|Kirted by Marntsson, the 
balance having lieen obtained by the author. 


1 Z o nffcw Chttn. ft# 340, I(M0, 
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> 

Non-minera 
Constituent 
of Crude 
Trinidad 
Asphalt. 

1 

Refined 

Bermudez 

Asphalt. 

/ / 

Fusing-point (K 

and S method) 

m° f 

m° f. / j 

Free Asphaltous 
acid* / 

0 4% / 

3 5% I 0 

Asphaltous nr id 
anhydrides 

3 0% 

2 0% 1 

Asphaltenes 

37.0% 

35 3% 17 

Asphaltic resins 

23 0% 

14 4% 30 

Oily constituents 

31 0% 

30 6% 48 



* Composed of 15 per cent urahurrute and 85 per cent residual oil derived from asphaltic petroleum 


Test 38a. Free Asphaltous Acids. Dissolve 5.00 g. of the asphalt in 25 c.c. 
benzol by boiling under a reflux condenser Add 200 c.c. ethyl alcohol, let 
settle, decant the solution from the pitchy residue, and titrate the former cold 
with N/10 alcoholic sodium hydroxide, using phenolphthalein as indicator. Dilute 
with an equal volume of water and extract the unsaponifiablc constituents by 
shaking with successive jwrtions of benzol until the extract Incomes clear. Evap¬ 
orate the alcoholic soap solution to a small bulk, literate the asphaltous acids 
by acidifying with hydrochloric acid, extract with tenzol, evaporate the extract to 
dryness at 100° C. and weigh. The free asphaltous acids appear as a tar-like to 
resinous mass, soluble in alcohol, benzol and chloroform, but nearly insoluble 
in 88° petroleum naphtha. When heated to 120-200° C. they are converted into the 
corresponding anhydrides. 

Test 38b. Asphaltous Acid Anhydrides. In the foregoing test, the unsaponi¬ 
fied portion is united with the pitchy substances precipitated by alcohol from the 
original tenzol solution. These are sajxmified by boiling under a reflux condenser 
for 1 hour with N-alcoholic caustic potash m the presence of tenzol, the solution 
is diluted with an equal volume of water, and the unsapomfied constituents extracted 
with successive portions of tenzol. The alcoholic soap solution is then evaporated 
to a small bulk, the asphaltous acid anhydrides liberated by acidifying with hydro¬ 
chloric acid, extracted with tenzol, evajwrated to dryness at 105° C. and weighed. 
These are very similar in appearance to the free asphaltous acids. On heating to 
high temperatures, they are converted into unsa|X)nifiable products similar in appear¬ 
ance to the asphaltenes. 

Test 38c. Asphaltenes. After separating the saponifiable constituents according 
to Tests 38a and 385, the bodies which have not combined with alkali are dissolved 
in the smallest possible quantity of benzol (not exceeding 10 c c.), and the solution 
poured into 200 c.c. of 88° petroleum naphtha. 1 The insoluble matter is filtered 
on a Gooch crucible as described in Test 23, washed with 88° naphtha, dried and 
weighed. This represents the asphaltenes, which appear as a dark brown to black 
powder similar to grahamite in characteristics. On heating it docs not melt, but 
swells and decomposes into a compact and hard coke. Asphaltenes are supposed 
to be formed by the addition of oxygen or sulphur to petroleum resins, also to 
inter-molecular changes taking place on heating them in air. They are soluble in 
> Qf which at lent 85 per cent by volume should distil between 35 and 65° C. 
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benzol, chloroform and carbon disulphide, almost completely insoluble i. 
and 88° petroleum naphtha, and sparingly soluble in Cher andare, ne Thev ^ 
charactenzed by a high percentage of sulphur (7-13 per cent) a ,l 

influence of light are converted into an insoluble modification “ 
asphaltenes and their parent substances, the asnhailio res,,,* P ' , Th 

saturateri polycyclic compounds containing sulphur or oxygen' Z,/r Z l a 
cun replace the other. ' c "" tr of winch 

, Te .f Asphaltic Resins. The solution of 88” petroleum naphtha obtained 
from Test 38c ,s evaporated to about 25 cc„ distributed over 25 J fuller's “mh 

“ t a 'T t r " C : “ nd , PX '? rle<1 ho ' 11 S '" hfe < 88- petroleum naphtha 
If the first extract is dark colored, it. is concentrated to about 25 cr. poured over 
more fuller's earth, and the process re,>etited. The extract should have a straw 
or light yellow color. The asphaltic resins arc adsorbed by the fuller's earth, from 
which they may lie extracted by carbon disulphide, evaporated to dryness at 100° (' 
and weighed. These form the first stage m the conversion of jiclroleiini hydro-' 
carbons into asphaltenes, and consist of solid, reddish-brown to browm-h-black 
substances fusing la-low 100“ ('., completely soluble in 88“ naphtha, chloroform 
carbon disulphide, benzol, but only sparingly soluble in hot or cold acetone After 
adsorption by fuller's earth they become insoluble in 8S“ jielrolcum naphtha The 
asphaltic resins are formed by heating the oily eonsliluents for some time to 120” 
v'. accompanied by a darkening in color and absorption of atmospheric oxygen. 

Test 38e. Oily Constituents. The 88” petroleum naphtha extract from the 
toilers earth m lest. 38i/, ts distilled to a small bulk, and evajiorated to dryness 
at 100° C until (be odor of petroleum naphtha is no longer apparent. The oily 
constituents remaining as residue are weighed These appear as a viscous oil, 
and constitute the most inert bodies contained m asphalts. As a general rule, the 
softer the asphalt, the larger will be the percentage of oily constituents. Mareusson 
reports that. Trinidad petroleum contains 12 per rent of oily eonsliluents, Trinidad 
asphalt 17 to 1'J per rent (figured on the crude dry substance containing the miucral 
ingredients) and grahamite 2 to 3 per cent. 


Test 39. Unsaponifiable and Saponifiable Matters. In ilie ease of 
bituminous materials, (be estimation of the iiii-a|ioiiliablo atm saponifiable 
matters is of value for purposes of identification. Certain bituminous 
substances, such as montan wax, rosin pilch, and fatty-acid pitch arc 
often composed largely of saponifiable constituents. (ItIters, including 
pine-tar, pine-tar pitch, hardwood tar, hardwood-lar pitch, peal tar, lignite 
tar, bone tar, bone-tar pitch and other forms of fattv-aeid pitches contain 
smaller percentages. This ted is also used for gauging the uniformity 
of supply, and in the case of fatty-acid pitches, as a criterion of the 
quality. 

The following procedure has been devised bv the author for specifically examiri- 
ning bituminous materials or admixtures of Inlunimoiis Materials with annual nr 
vegetable oils and fats, since the customary methods do not adapt theniM-lvea 
especially well, due to the formation of troublesome emulsions. The hituminoiu 
material is first freed from insoluble constituents, including any mineral matter, by 
boiling with carbon disulphide under a reflux condenser, wiling and filtering through a 
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Gooch crucible, following the precautions described in Test 21n. 'The insol M 
constituents are dried at 100° C. and weighed. Sufficient of the bituminous ” I 
stance shoul'd be taken to yield approximately 5.0 g. of extract. The benzol so'lu" 
tion is evaporated or distilled to 50 c.c., and 50 c.c. of the saponifying liquid added 
from a pipette. This should consist of a 10 per cent solution of caustic potash 
prepared by dissolving 100 g. of anhydrous potash in 500 c.c. of 95 per oer.t eth 1 
alcohol, and diluting to a litre with 90 per cent benzol. The liquid is allowed t 0 
stand overnight to permit any carbonate to settle, and the clear solution decanted 
After the saponifying agent is added, the mixture is boiled under a reflux condenser 
for 1-1 hour, and the content! of the Bask while still warm poured in a separator 
funnel containing 150 c.c. of boiling water and 25 c.c. of a 10 per cent solution of 
potassium chloride. Add 250 c.c. of Itenzol, agitate rigorously, and allow the fun- 
nef to rest quictiy in a warm place until the solvent separates. If an emulsion 
Zorins which refuses to separate on standing, add 200 c.d more benzoi and 100 cc. 
9o jier cent ethyl alcohol and stand in a warm plate overnight. This will invari¬ 
ably effect a more or less complete separation of (lie solvent. From this point on 
the method is illustrated by the following tabular outline: 


Saponify an described 

Draw off tho soap solution ns complctrl v as possiMo 

Decunt the Itenzol Ja.vcr, leaving the intermediate layer m the bcpHrutcrv fm ncl 


Aqueous Snap Solution 

Exhaust«ith 200 e.c of portions of benzol 

Benzol I.a\cr 

| Intermediate Layer 

Aqueous Soup 

Solution 

Combined Benzol 
Extracts 




Combine and exhaust with 100 c c portions of 
30',', alcohol. 



Itenzol Solution. 

Corn Lined Alcoholic 
Extracts 



Combine and exhaust with Itenzol 


Comhined Itenzol 
I Extracts 


Alcoholic Soap Solution. 


Combine, evaporate to a small bulk, complete the 
evaporation at 100° (', pool ami weigh the 
V n^npomfmlih Constttin ntr 


■ Combine- 


Transpose with dilute hvdrorhloric acid, warm and exhaust with benzol Separate the aqueous 
solution containing the glycerol and mineral salts Evaporate the combined benzol extracts to a small 
bulk, and then complete, the evaporation of solvent at 100® C. Cool and weigh. Weight equals the 
fnr acuta dm red from the mpomfiablc constituent * 


In the case of bituminous materials that are more or less completely saponifiable, 
the intermediate layer is apt to be absent. In this case the process will simplify 
itself considerably. The foregoing procedure will separate the unsaponifiable consti¬ 
tuents in practically an ash-free state. 

Test 39a. Hydrocarbons. Boil 2 g. of the unsaponifiable matter with 4 c.c. of 
acetic anhydride under a reflux condenser for 1 hour. Add 25 c.c. of 95 per cent 
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^1 .heat to boiling, decant through an asbestos Gooch crucble, and 
£ve all traces of acetic anhydride by washing with successive porfons of warn 
Sol. Dry the residue on the Gooch at 100" C. Its we.ght is equal to the 

hydrocarbons present. * 

Test 39b. Higher Alcohols (“ Cholesterol ”)• The filtrate from the foregoing 
(Test 39a) is evaporated to dryness, then dissolved in the smallest possible quantity 
of hot absolute ethyl alcohol and allowed to cool. The cholesterol and phytosteryl 
(sometimes termed sitosteryl) will crystallize as acetates. Filter and wash with 
95 per cent alcohol. Find the melting-point by the capillary tube method as 
ordinarily used for pure organic substances. Cholesterol acetate will melt between 
114.3 and 114.8° C., whereas phytosteryl acetate will melt above 125° C. Re- 
crystallize several times from hot absolute alcohol and redetermine the melting-point. 

If the fifth to seventh crop of crystals test.s below 115-110»C, then phytosteryl is absent' 

Cholesterol may also be detected by boiling I g of the substance nith 2 c.c. of 
chloroform and 20 drops of acetic anhydride. The solution is allowed to cool 
and the clear liquid decanted into a porcelain crucible. Then 1 drop of con¬ 
centrated sulphuric acid is added to the liquid. If cholesterol is present, a violet- 
pmk to reddish coloration will be obtained. (For the behavior of resin acids in the 
foregoing test, see Test 43.) 

Cholesterol indicates the presence of mu mat oils, fats or waxes (such as wool 
grease), whereas phytosteryl indicates vegetable oils, fats or waxes. This toBt is 
therefore of value in detecting which class of substances is present in admixture 
with bituminous material. 


Test 40. Glycerol. Glycerol indicates the presence of animal and 
vegetable oils or fats (triglycerides). Certain fatty-acid pitches also 
contain a small percentage of glycerol (see p. .Til). This test is of 
special importance in the examination of bituminous paints, cements, 
varnishes and japans (p. 572.) 

Saponify 5-10 g. of the substance under examination, weighing exactly, and 
using 25 c.c. of the saponifying agents dcscrilied in Test. 39. Extract the unsaponi- 
fiable constituents with lienzol as descrilied, and then transpose the soap solution 
with a slight excess of dilute sulphuric acid (instead of using hydrochloric acid). 
Warm the.liquid and extract the fatty acids with lx*nzol. 

Evaporate the aqueous solution to a small bulk, and make slightly alkaline 
with dilute caustic soda. Cool, dilute to about 100 cc. and determine glycerol 
by any of the standard methods proposed for this purpose. 1 

Test 41. Diazo Reaction. This tost is used for identifying bituminous 
substances carrying phenols, including wood tar and wood-tar pitch, 
oil-gas- and water-gas-tars and pitches, shale tar, peat- and lignite- 
tars and pitches, bone tar, bone-tar pitch and the various coal- 
tar pitches. 

This reaction was devised by E. Gracfe.* It is carried out by boiling 2 g. of 

« "Aid* in the Commerri*! Analy*i* of Oil*. Fat*, etc by G. F Pirkerin*, Ixmdon, 1917; " Analy* 
aia of Crude Glycerin,” by the International Standard Method*, J Soe Chrm. Ind . 80, 558, 1911 

* "I)i*tiaction between Li*nite Pitch and other Pitch**.” Chem ZrU , M, 298, 1908; Marcuaaoa 
and Eickmann, Ckem.-Znt , If, 985, 1908. 
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the bituminous substance with 20 c.c. N. aqueous caustic soda, for approximately 
5 minutes. «After cooling, the liquid is filtered. If the filtrate is dark colored, 
it my be lightened by adding finely pulverized *\saltIt is then cooled in ice, 
and a few drops of freshly prepared diazohenzolchloride solution (prepared by 
treating anilin with hydrochloric acid and sodium nitrite) added. If phenols are 
present a red coloration will result, sometimes accompanied by a reddish precipitate. 

Assuming that the bituminous substance gives the diazo reaction, the question 
will oft'en arise whether the product is a straight-distilled pitch, or an asphalt 
" cut-back ” with a high boiling-point distillate containing phenolic bodies, derived 
from coal tar, lignite tar, etc. Marcusson has worked out a method applicable 
under these circumstances, 1 which consists in dissolving 10 g. of the bituminous 
substance in 15 c.c. of benzol, and pouring the solution into 200 c.c. of 88° petroleum 
naphtha. The resulting precipitate is washed with petroleum naphtha and dried. It 
is then boiled for 15 minutes with N/2 alcoholic caustic potash under a reflux 
condenser to extract the phenols. The liquid is cooled and filtered, the alcohol 
evaporated, and the residue dissolved in water. Sodium chloride is added to clarify 
the liquid and remove any substances imparting a dark color, the solution is 
filtered and the filtrate treated for the diazo test, dcscrilied above. If a straight 
distilled pitch containing phenols is present, a j)ositive reaction will lie obtained. If 
the original substance gives the diazo test, but the residue treated in the above 
way does not, then the admixture of high boiling-point oils containing phenolic 
bodies with a substance free from phenols (e.g. asphalts, etc.) is established It 
is olaimed that the presence of 10 per cent asphaltic substances may be detected 
in this manner. 

Whore bituminous substances contain calcium carbonate, the phenolic bodies 
present combine with the lime, forming insoluble calcium phcnolate which yields 
but a faint diazo reaction. However, on treating such substances with a solvent 
in the presence of hydrochloric acid, the calcium phenolatc is decomposed, and the 
diazo reaction becomes much more delicate. 

Test 42. Anthraquinone Reaction. The anthraquinone reaction 
is used for detecting anthracene in tar products produced at high 
temperatures, including oil-gas-tar and pitch, water-gas-tar and pitch, 
and the various coal-tar pitches. This test is therefore valuable for 
purposes of identification. 

The tar or pitch is first subjected to distillation in accordance with the refort 
method (Test 206), the offtake and condensing tube being kept warm to prevent 
the aocumumulation of any solid distillate. The distillate passing over between 
270 and 355° C. is caught separately and examined for anthracene in the following 
manner. The fraction is heated until it is thoroughly fluid to secure a uniform 
sample, and 5 g. weighed out, while hot. After cooling, 10 c.c. of absolute ethyl 
alcohol are added, the solids allowed to crystallize and the liquid decanted. The 
solid substances containing the anthracene are dried on a water bath, transferred 
to a 500-c.c. flask connected with a return condenser, 45 c.c. of glacial acetic acid 
added, and the contents boiled for 2 hours. The following mixture is then added 
drop by drop through a separatory funnel, viz.: 15 g. of anhydrous chromic acid 
dissolved in 10 e.c. of glacial acetic acid, and 10 c.c. of water. The boiling is 
I Ch*n. Rtt. FtU-und Hari-Ind, II, 47. 1911. 
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continued for another 2 hours, the fla.sk cooled, and 400 cc. cold w*#r added. 
'I'his treatment oxidizes tlie anthracene to anthraquumne, which on roofing sojmratea 
as a solid mass This is filtered, washed with hot water, then with a hot 1 {>er 
cent solution of caustic soda ami again with hot water The residue of anthra- 
qumone is then dried and its weight uuilliphed hy OsVti to obtain the corresponding 
weight of anthracene From (12o to 0 75 jier cent of anthracene is found in coal 
tars, and a corresjamding larger percentage m coal-tar pitches 

A color reaction for establishing the presence of anthiaccne consists uf lulling 
the crystals of anthraqumone with zinc dust and caustic soda solution, whcreujion 
an intense red colored solution is obtained, which on filtering in contact, with air 
becomes decolorized. 

Test 43. liebermann-Storch Reaction. This i,s a rapid <|iialilulive 
test for detecting the presence of rosin, rosin ml. or cholesterol. One 
gram of the substance is dissolved in 3 c.c. of acetic anhydride at a 
gentle heat, cooled and the clear liquid decanted into a porcelain cru¬ 
cible. Add 1 or 2 drops of sulphuric acid sp.gr. I .fat (containing f>2.'>3 
|mt cent of pure sulphuric acid, prepared by diluting HI 7 c.c. of concen¬ 
trated sulphuric acid with H.'i,7 c.c. of water). Kosin and rosin oil 
will produce a fugitive violet coloration turning to a brown, whereas 

cholesterol will produce a fugitive rose.lor turning rapidly to a 

dark green. If rosin or rosin oil is present in conjunction with 
cholesterol, the test becomes valueless. 

Fossil resins (copals, etc) also faltv-nnd pilches give a |X'miancnf hrown color 
and do not hitcrforv with the foregoing Id Ijnsccd, cottnn-wed. chinn-»a.«l and 

corn oil- give a permanent greeinsh-hrmwi coloration, whereas pall.I, hone tnr, 

ami crude olein give a )HTin:i,ii'lit lirowmsh-vellow' coloration. 
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METHODS OF TESTING MANUFACTURED PRODUCTS 

This chapter will include methods for analyzing and testing 
manufactured products, containing in addition to bituminous sub¬ 
stances, materials of a non-bituminous character, such as mineral 
aggregates, mineral, animal or vegetable fibres, fabrics, water in the 
form of emulsion, volatile solvents, animal and vegetable fats or oils, 
colored pigments, etc. The tests about to be described will accord¬ 
ingly supplement those embodied in Chapters XXVIII to XXXI 
inclusive, which were restricted to examining crude, refined or blended 
bituminous substances, without other additions. 

BITUMINIZHD MINERAL AGGREGATES 

Products falling into this class include native and artificial mixtures 
of bituminous matter with mineral aggregates, viz: bituminous macadam 
pavements, bituminous concrete pavements, sheet asphalt pavements, 
asphalt block pavements, asphalt mastic floorings, bituminous expansion 
joints (containing mineral matter but not fell), pipe-sealing conijxmnds, 
moulding compositions and products used for electrical insulation. 

PHYSICAL TESTS OF FINISHED PRODUCT 

Effect of Moisture. Various methods have been suggested from time to time 
for ascertaining the water absorption of paving materials. 1 It is recognized that all 
pavements absorb more or less moisture, but no standard method has lieen pro¬ 
mised for this purpose 1 . Hichardson suggests the use of cylinders of the same 
dimensions as used for the impact test (p. 555) namely 1.25 in. m diameter, by 
1 in. high, having the greatest possible density, which in the ease of surface mix¬ 
tures for sheet asphalt pavements, will weigh about 50 g. They are immersed n 
water for 3 months, and the gam in weight noted at various intermediate periods. 
This same method will adapt itself for testing asphalt block [lavements and asphalt 
mastic floorings. 

The following tentative methods have lieen proposed for testing the water 
absorption of moulded insulating materials. 2 One-half of the standard briquette 

« Whipple A Jackson, Eng. Nnr*. 47 , 1900, “The Testing of Bitumens for Paving Purpoees," by 
A. W. Dow, Proc. Am Soe. Testing MalcnaU, 5, 308, 1903; Eng. A>ir«, 81, 520, 1904; "The Modern 
Asphalt Pavement," 2nd Edition, Chapter XXIV, 401. 

• "Tentative Tests for Molded Insulating Materials” (Serial Designation: J) 48-17 T), Proc. Am. 
Soe. Tetting MatenaU, Part I, 790, 1917, 
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used for ascertaining the tensile strength of moulded insulating imitcriuMJv 
shall lie used for this pur|Kise All low particle* are removed, and Ar mien 
dried for 24 hours either in a desiccator or in an oven at KKI” (\ It i* then cooled, 
reweighed, and immersed in distilled water for lot) hours at 77“ I At the end 
of this time, the speemien is removed, wi|ied drv with a cloth and ivueighed The 
following figures should !*■ recorded; via ■ the original weight of the v|».,imeti; 
its dry weight; the saturated weight in grams after IIKI hours' immeisioii; the 
percentage of moisture as received; the iiemuitage of moisture absorbed dimiig the 





M’l 

Unmm/ 


Mat/ Sfttl Hold h that rtomvon t O'Xl! Odom) 


I rom \ S T M Tent Standard*. 

Fir;. 103.—Mould for Ascertaining the Tensile S<n*n>itli of lhtumim/ed Aggregates. 


100 hours, taking the dry weight as 100 |>er rent The average for (linn* s|>erimenn 
is re|x»rted 

Tensile Strength. The follow mg tentative tost has I icon proposed for moulded 
insulating materials, 1 hut may also In* adapted to testing the surfaee course of sheet 
asphalt pavements, asphalt mastic floorings, expansion joints (not. containing fabric), 
pipe-sealing eomjiounds, etc. The s|H*cimen is cast under pressure to old Ain the 
greatest possible density, in a hardened and ground steel mould of the dimensions 
shown in Fig. 193, then immersed in distilled water for IS hours at 77° F., removed, 
wijxai dry and pulled apart on any standard testing machine in air at 77° F., 

i "Tentative Test* for Molded Inmilntiritf Muter mU" (Serial Designation: D 4K-I7 T), I’ror. Am 
Sot Testing Materials, Part I, 778, 1017. 
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at a sp&Hhat will enable the beam to lie well balanced. The results of the test 
sto\\ be Tejkted in the following order, viz.: the breaking load in kilogram* or 
pounds; the thickness in centimeters or inches as measured by a micrometer at the 
point of fracture; the ultimate tensile strength in kilograms per square centimeter 
or in pounds per square inch as calculated from the actual area of the specimen 
at the point of fracture; the speed in centimeters or inches per minute at which 
the jaws travel during the test. Three such tests should lx averaged. 

Compressive Strength. This test has likewise lieen proposed for moulded insulat¬ 
ing materials, 1 and is adapted to all bitumimzed mineral aggregates in which the 
particles do not measure over J in. in diameter. A 1-in. cuIjc is moulded under 
pressure in a hardened steel mould to attain the greatest possible density, and 
immersed in distilled water at 77° F. for 48 hours. Wipe the surface dry and 
place sheets of lead \ in. thick both aliove and below the Hjwruncn to adjust, 
irregularities. Any standard testing machine may be list'd, and the load shall lx> 
applied at such a rate of sj>eed as will permit the lieam to be kept well balanced. 
The results of the test shall lie reported as follows, viz.: the dimensions of the 
specimen in millimeters or inches; the breaking load in kilograms or pounds at 
the first, sign of failure; the average ultimate compressive strength m kilograms 
per square centimeter or pounds |x*r square inch, calculated from the measured area 
of the specimen before the load « applied; the speed in centimeters or inches per 
minute at which the jaws travel during the test Three such tests are averaged. 

Transverse Strength. This test is similarly intended for moulded insulating 
materials,* but, may also be applied to bituminized aggregates containing finely 
divided mineral matter, as in the tensile strength test. 

The material shall lx* compressed to the greatest, possible density in a hardened 
steel mould, ground so its internal dimensions will measure exactly \ in. by \ m by 5 
in. The specimen is tested at 77° F. after immersion in distilled water at 77° F. for 
48 hours, all surface water having been removed with a dry cloth, and supported 
on two steel blocks with corners rounded to 1 \ mm radius, spuced exactly 100 mm 
apart, and at, equal distances from the ends of the specimen The load is applied 
by a wedge-shajxnl pressure piece, the edge of which is rounded to a 3 mm radius, 
extending across the sjxtcimen with the edge parallel to the edges of the two su|>- 
ports. The angle of the wedge shall be approximately 45°, and the load applied 
ns slowly ns possible at right-angles to the sjjeciinen, midway between the supports. 
The results shall l>e reported in the following manner, viz : the thickness of the 
specimen in millimeters or inches; the actual breaking load in kilograms or in 
pounds at the first sign of failure; the maximum fibre stress in kilograms |xir square 
centimeters or in pounds per square inch calculated by the formula 


where S represents the maximum filx*r stress, P the load applied, L the distance 
between the supports, B the width of the specimen, and 1) the depth of the speci¬ 
men. The rate at which the load is applied is also recorded, also the amount of 
deflection in millimeters or inches. 

• "Tentative Te»ts for Molded Insulating Materials" (Serial Designation: I) IS-17 T>. 1‘ror .lm 
Soc. Tenting Material,*, Part I. 780, 1917. 

* "Tentative Tests for Molded Insulating Materials” (Serial Designation: I) 48-17 T), l‘roc .4 m. 
Soc. Testing Materials. Part I, 782, 1917, 



METHODS or TESTING MAN'lEAn'ERED PRODl'CE^/ 556 

Imp«ct Test. This test was originally devised by L. \V. Pane for Wlin*' the 
toughness of rock for road building, 1 having since boon adaptml lyTtichahlaon 
fur testing lutuniinous aggregates. 5 The hitnnniious mixture is healed to the lowest 
possible temperature that will permit it being manipulated, and formed by com¬ 
pression into a cylinder 25 nun. high by 24-25 nun. in diameter, the ends of which 
shall lie plane surfaces at right angles of its axis The hot bituminous mixture is 
compressed in a hollow cylindrical steel mould, 24-25 nun m diameter by 50 mm 
long, having an accurately titling steel plunger . The mould is loosely filjelt with 
the hot bituminous mixture and compressed «u(h the plunger by sharp blows of a 
heavy hammer from the top and bottom res|>eotiveIy, until it is thoroughly com¬ 
pacted. The cylinder of bituminous material is then knocked from the mould and 
kiwis! off or ground down until it measures exactly 25 mm high The density 
of the sjieciinen should lie noted and repined ft shall Is- maintained in water at 
77" I-', for IS hours, wip'd dry, and tested in air at a temp-rat tire of 77° E on any 
form of impact machine which will comply with the following essentials * 

inj A east-iron anvil weighing not. less than So kg. (irmly fixed upin a solid 
foundation. ' . 

(5) A hammer weighing 2 kg. arranged to fall freely lietween suitable guides 

(. j A plunger of hardened steel weighing 1 kg arranged to slide freely in a 
vortleal direction m a sleeve, the lower end of the plunger Is-ing spherical, with a 
radius of exactly I cm. 

(i/I Means for raising the hammer and dropping it. upin llie plunger from any 
specified height from 1 to not less than 75 cm 

fi) Means for holding the cylindrical test-specimen securely on the anvil with¬ 
out rigid lateral support, and under the plunger in such a way that (he centre 
of Us upper surface shall, throughout the test, be tangent In the spherical end of the 
plungi-l at it- lowest point. 

The test shall consist of a 1 cm fall of the lianinicr for the first blow; a 2 cm. 

fall for the second blow; and an increase of 1 cm for .. succeeding blow, until 

failure of the test sp-cimen occurs The nuinls-r of blows mpuml to sluitler the 
teat-piece is taken to represent the toughness, three Mich tests Is-ing averaged. 
Tests are p-rfunned at three leinp-ratures, viz .12 J- , ii I‘• and llu I'. 

Distortion under Heat. This test is applicable to liitinnmizcd mineral aggre¬ 
gates whose particles do not exceed i in in diameter, the same test specimen lieing 
used ns ill the transverse lest (p 551} • 

The apparatus used fur this purpisc is illustrated in Eig 1!H, The specimen 
should rest on steel supports 1(1(1 mm. apart, and the load applied on tup of the 
specimen vertically and midway lietween the supports, as in the transverse strength 
test. The machine shall Is- arranged to apply two different loads, viz.: 2,5 kg. 
and 50 kg. The sp-cimon is placed in an air bath surrounded liy an oil hath, the 
tcni|X.-rature of which is increased at a rate of exactly I K per minute. The 
deflection of the specimen at ils tentre l/elwccn the supports is measured on a 

' Bulletin No 79, Buretu of Them , l' S Dept of Sgr . Wub , D C , Bulletin No 44. OIBe, ol 
Public Hoada. V S Dept of Aj?r, Wuh 1) V , June 10. 191*2 

2 "The Modern Asphalt Payment," 2nd Edition, 1908. pp 428 and 585. 

• "Tontame T«mh for Molded lntula«in« MafrmU" (Serial l)«m*nation: I) 48-17 T). Prot. Am. 
Soe Testing Materials, It. Part I, 773, 1917. 

< " Tcntatm* Tot- for Mold*-*! In«ulatin« Material*.” (Smal D*mi(tn»lion: D 48-17 T). Proe Am. 
Sot Testing Materials, 17, Part 1, 787,1917. 
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scale •inVoillimetcrs or mils. The distortion [joint shall be considered the tempera¬ 
ture at wm^h the specimen has deflected 10 mils. The results of the test are 
reported as follows, viz.: the distortion point in degrees F.; the time required 
for the specimen to deflect 10 mils starting at 77° F.; curves are plotted, showing 
the minutes horizontally, and the corresponding deflection, also the temperature 
at given intervals vertically. 

Softening-point. An ingenious apparatus for determining the softening-point of 
moulded insulating materials, which is likewise adapted to testing pavements, 
asphalt mastic floorings, expansion joints and pipe-sealing compounds, has been 



Fiu. 101.— Apparatus for Recording Distortion of Bitumimzed Aggregates under Heat. 

devised by H. R. Edgecomb 1 as illustrated in Fig. 195. The underlying principle 
consists in comparing the expansion with the tendency to soften as the tempera¬ 
ture increases. The apparatus consists of an electrical heater 1, a plate or slab 2 
above the heater, a hood 3 for retaining the heat, a rod 4 having a relatively large 
lower face resting loosely on the specimen, a rod 6 having a relatively small lower 
face (0.01 sq.in. in area) actuated by a weight 6 of either 2.5 or 5.0 kg., and an 
opening 7 for the thermometer 8. The rods and thermometer rest upon the insulat¬ 
ing material 9 to be tested, and each of the rods 4 and 5 is provided with a scale 
10 operating in conjunction with stationary vernier scales 11, for recording the 
movement. 

It is important that the sample 9 be provided with two plane faces, also that the 
temjjcrature is increased at the uniform speed of 1° F. per minute. The positions 
of the rods 4 and 5 are noted at periodic intervals, and two curves plotted with the 
temperature as abscissas and the movement of the rods respectively in thousandths 
of an inch as ordinates. These curves will be identical as the material expands 
throughout a certain range in temperature, but when it begins to soften rod 5 will 
I y. 8. Pat I,1S4,S37 of May 30, 1910, "Device for Testing Plastic Matcriala.” 
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change its direction of travel, and instead of mining upward will omhnlx^Nf in the 
sample. The point at which the two curves diverge represents the affllciung-|>omt 
of the material. Tins is shown at 60° F in the chart illustrated in Fig IP*) 

SEPARATION OF FINISHED PRODUCT INTO ITS COMPONENT PAR TS 

Separation of the Bituminous Matter and Mineral Aggregate. Rilmmm/.ed 
aggregates are separated into their bituminous and mineral «oiu|xmciits for 
the combined purposes of ascertaining the percentage and nature of tin* mineral 
constituents, and for examining the 
physical and chemical character¬ 
istics of the bituminous binder, 
with the object of its identification 
or duplication. Two methods are 
used, including the hot extraction 
process devised by Forrest, and the 
centrifugal extraction method 

Forrest's Hot Extraction Method. 

The bituminous mixture should first, 
be warmed until it may be broken 
apart without fracturing the mineral 
particles 'The extraction is per¬ 
formed in an apparatus illustrated 
in Fig 196, consisting of a cylin¬ 
drical brass jacket surrounding an 
incandescent-light, bulb to supply 
the necessary heat, and enclosing 
a brass vessel for holding t he solvent, 
which in turn carries a cylindrical 
basket composed of 80 rnesh-wire 
cloth for retaining the sample (’old 
water is circulated through the in¬ 
verted conical condenser, which also 
serves to cover the apparatus 
Weigh out 5<X) g of material if 
the mineral particles are coarser 
than \ in., or 300 g. if they are Fm 19.1 —Apparatus for Determining the Soften- 
fincr than \ in. Plate it in the mg-f>omt of Hiturmmzed Aggregates, 

basket and cover w'ith a pad of 

cotton or felt in thick. Pour 17.5 200 or of carl«,n disulphide into the 

inner vessel, insert the cover and start the extraction by turning on the incan¬ 
descent light. The extraction is usually completed in 3 hours’ time, whereupon 
the apparatus is cooled, the basket containing the mineral aggregate removed, 
dried in an oven and weighed Any fine mineral particles passing through the 
80-inesh sieve constituting the basket are recovered by filtering the extract through 
a weighed asbestos Gooch filter as descril>ed in Test 21a, washed clean with carlx.n 
disulphide, dried and weighed. This method is used where the biluminous matter 
is to be separated in a pure state for further examination. An alternate method 
consists in measuring the extract in a glass graduate, thoroughly agitating it and 
pouring an aliquot portion into a tared crucible or dish, evaporating the solvent, 
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burning run residue end igniting to ash. The line mineral matter present in the 
entire extraH may be calculated from the ash derived from the portion ignited. 


* if ■---■* 



I rimi A S T M I*i i m 

19b ~ Forrests Hot extract ion Apparatus. 


The total should t>e added to the coarser mineral aggregate previously separated, 
to arrive at the percentage present 1 

Centrifugal Method. The most efficient apparatus of 
this type was designed by C. 8. Reeve,- as illustrated 
in Fig. 197. It consists of a J h p. vertical motor a, 
capable of making 1100 revolutions per minute at 110 
volts, with either direct or alternating current. Its 
shaft projects into a cylindrical copper vessel 6, having 
a concave bottom and draining into the si>out c. A 
circular brass plate d , 9J in. in diameter supports an 
inverted iron bowl e, 81 in. in diameter by 2, 5 $ in. 
high, having a 2 in. circular hole at the top. A brass 
cup / is fastened to the inner side of the bowl, having 



Fig. 197.—Centrifugal Ex¬ 
tractor. 


» "Extractor for UituminouB Paving Mixtures," by C. N. Forrest, Proe Am. Soc. Testing Matenals, 
19, 10*9. 1013. 

*"laboratory Manual of Bituminous Materials," 1st Edition, N. Y„ 1916, p. 108, 
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a circle of J in. holes for the admission of solvent, and terminating in yhoffow axle 
which fits snugly through a hole in the centre of the brass plate df A felt ring 
g, j in. wide and about 0.000 in. thick (cut from No. 80 roofing felt) is firmly 
pressed against the bowl by the milled nut h for which the hollow axle is Mutably 
threaded. The axle in turn fits snugly over the shaft of the motor, to which it 
is secured by a slot and cross-pin. 

Weigh 300-500 g. of the bituminous mixture, broken up as previously iIcmtiUiI. 
into the lxnvl e, place the felt ring on the rim of the plate d, and lx>lt them‘together 
with the nut i. After assembling the apparatus, pour 150 it. of caibon disulphide 
into the lxnvl through the small holes, place the cover over the copjx'r Uix 5, and 
slowly start the motor, gradually increasing its s|x*ed until the carlxm disulphide 
extract flows in a tlun stream from the spout c into an empty flask underneath 
When the first charge has drained, the motor is stopjx-d, fiesh carbon disulphide 
added, and the operation repeated 4 to •» times until the extract urns deal I he 
bowl is then removed, inverted, the nut 
unscrewed, and any carbon disulphide re¬ 
tained by the mineral matter allowed to 
evaporate spontaneously The mineral 
matter is then dried and weighed It is well 
to filter the extract through a (looeh ciucible 
to recover any mineral matter which max 
have worked its way through the felt img. 
adding same to the balance of the mineral 
matter. 

Recovery of Exit acted liitumnwu s Mailt r 
From the weight of the extracted mineral 
matter, calculate the bituminous matter bv 
dillemice, and evaporate the carbon disul¬ 
phide extract to exactly this weight This 
may be conveniently jicrformed by distilling 
and condensing most of the carbon di'iil- 
plude over an incandescent liglit or an 
electric stove. The concentrated solution 
is transferred to a tared dish, evaporated 
dry on a steam bath, and tin* Iasi nans 
of solvent removed in an oven at 105' C 
until the residue attains the calculated 
weight The bituminous matter may then 
be examined further, according to am of 
the tests descrilied in Chapters X.WII 
to XXXI inclusive Due allowance should 
lie made for the fai t that any non-mmcral 
mat ter insoluble in carlxm disulphide (lest 
215) will l>e retained mechameally by the <v.«irt«nv ..i HummkI a M«im> 

extracted mineral matter, which with as- j, J( . _\j,. ( .j ia i„ ( . !l | Sifting Apparatus, 

phaltic products is relatively unimportant, 

but will amount to a considerable item in the case of tar productx (nee table p. 48.5). 

Examination of the Recovered Mineral Aggregate. The presence of any non- 
mineral matter insoluble in carlxm disulphide will be revealed by the discoloration 
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A 

of the mineral particles. In this case, the weight of the latter should be corrected 
by igniting iF until all carbonaceous matter is destroyed, and then reweighing. The 
mineral matter may be examined further by Tests 36c, 3fic and 36/ (page 539). 
A convenient apparatus for the granularmetric analysis (Test 36e) is illustrated in 
Fig. 198, designed by Forrest. 1 


BITUMINIZED FABRICS 

The finished products falling in this class include sheet roofings, floor 
coverings, waterproof membranes, sheathing and insulating papers, 
expansion joints involving the use of woven or felted fabrics, electrical 
insulating tape, and certain tyjtes of wall board (p. 380). As these are 
constructed in many different ways, it will obviously be impracticable to 
describe in detail the analytical methods applicable to each. The ones 
which follow have been devised by the author sjieeifieally for examining 
prepared roofings, 2 but with these as a starting-|>omt, others may readily 
he evolved for testing floor coverings, waterproof membranes, sheathing 
and insulating papers, etc. 

For all practical purposes, prepared roofings may l)c divided into the six types 
illustrated in Fig. 199. 

Type A represents a layer of felt saturated and coated with bituminous matter. 
The surface coatings may lie either finished plain or dusted with very fine mineral 
matter, and they may lie cither applied smooth and level or with a veined apjiear- 
ancc (Fig. 122). 

Type B is similar to Ty|>e A, but surfaced on both sides with moderately coarse 
mineral matter embedded superficially in the coatings (Fig. 121). 

Type C is similar to Type A, but surfaced on one side with coarse mineral 
matter embedded in the coating (Figs. 125 127). 

Type D is composed of a layer of saturated felt, and a layer of burlap or cotton 
duck cemented together and coated on top and bottom with bituminous matter. 
Its surface is finished similar to Type A 

Type E is composed of two layers of saturated felt cemented together and 
coated with bituminous matter, being finished on the surface similar to Type A. 

Type F is composed of two layers of saturated felt, cemented together with a 
layer of burlap in lietween, and coated with bituminous matter. Its surface is 
finished as in Type A. 

Where burlap is used, it is usually emliedded in the bituminous cementing or 
coating material without previously l>eing saturated, due to the fact that burlap, 
on account of its structure, does not absorb the bituminous saturation in the same 
manner as felt. 

Physical Tests of the Finished Fabric. The finished material is tested for 
pliability, weight, thickness and tensile strength. 

Pliability is tested by cutting lengthwise from the centre of the roll a strip 

l ‘*A New Device for the Mechanical Analysis of Concrete Aggregates," by C. N. Forrest, Proe. 
Am. Soc. Tenting Material*, 9 , 458, 1906. 

*" Analysis and Testing of Prepared Roofings," J, Ind. Eng. CAem., 9, 1048, 1917. 
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1 in. wide, and commencing with the largest, successively landing it around various 
cylinders under water at temperatures of 77 and 32° F., respectively, recording the 
scylinder on which the surface cracks. Five cylinders are used in the test, meas- 




Fi<; 1 ( ,H).- T\j>es of Prepared Roofing" 


..ring 2!, 2, 15, 1 and 1 cm ... diameter, fvdv A -nv.-nK ,,t 
I Ins purpose is shown m Fig. 2IHI. The hd'i.r "Im.I.I !«• Iwnt |mralM to 
through an arc of ISO 0 , at a uniform r-]Ji-<-d, and in exactly 2 sceoiuls time. 



2(X).—Mandrels for Testing riialnlity. 


The pliability is expressed in figures from 1 to 10, as follows: 


M.v 1. bent thremsb .rr „f l«‘ ... on. direction t.. . fl.t on .1*10. .nd lien Ihmu.h .n 

■ UC 1 300° in U.« Other direction lie. flat on l»H. »«•»“* ' ll *' 

u“ b, bent on iteell o e, tliromtb ... ... id ISO") ».th»ut ...ckln, tl. ..rla.eo.lm ». 

but will creek nlien bent throu.h ... «re o( 300° m tbe other direction, 

Sur(»re rr.rki »hen bent throu-h Hi .re ol 180° (fl.t on >'“ l( b 
Surface crack* ou the i-cn>. cylinder. 

Surface crack* on the 1-cm, cylinder. 
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8 Surface cracki on the lj-cm. cylinder. 

7 Surface Cracks on the 2-cm. cylinder. 

8 Surface cracke on the 2}-cm. cylinder. 

9 Both the surface and the interior of the sheet crack on the 2i-cm. cylinder without, however, 

cracking mtirtly through the sheet 

10 The sheet cracke entirely through on the 2J-cni cylinder 

Weight , in lbs. per 100 sq. ft., is determined in accordance with the method 
to be descrilied later. 



Fit;. 201.—'Tensile Strength Specimen. 



Fig. 202. —Instrument for Testing the Tensile Strength of Prepared Roofings. 

Thickness, in mils (thousandths of an inch), is determined with a micrometer 
calijier, having flat bearing surfaces about J in. in diameter. 

Tensile Strength is determined by subjecting a specimen cut in the direction 
of the length of the roll and of the dimensions shown in Fig. 201 to a tension which 
is increased at a uniform speed of 3 11 is. j>cr second, the specimen being maintained 
at a uniform temperature of 77° F. during the test. A simple and effective instru¬ 
ment for finding the tensile strength is shown in Fig. 202. Ten such tests are averaged. 

The author has found that the following three tests will throw considerable 
light on the probable liehavior of the bituminized fabric upon exposure to the 
elements. 




METHODS OF TESTING MANITAOTI'liKI) l’HODCClX V>3 

(I) llcutiuy la 125° F. for 100 //is A strip of tlu- roofiiiR is cut ex’nrtlv 
12 in.X12 id , care IraiR taken not to disturb any of the detached mineral matter 
on the surface, and sus|iendcd in an oven from a tlmi wne fastemal tl,r..ii K h holes m 
the upper edge of the strip The piece of roofing should Ik. allowed to hang freely 
and maintained at u temperature of 125“ K for 100 hrs At the end of this time 
the roofing is allowed to cool. The pliability, weight, thickness and sttvnglh are 
redetermined and the changes from the original figures expressed in |ierroiitago.s. 
Any change in the apiiearanoe of the surface should also lie noted, eg / sliding 
of the mineral matter, absorption of the coating by the felt, any yellowing of the 
surface blistering, etc. 

Heating Test No. 1 shows the susceptibility of the roofing to the heat of the 
sun. The loss in weight is equivalent to the volatile matter, a decrease in thickness 
would indicate that the surfa<c coatings ha\e too low a tuMiig-pomt and nro 
absorbed by the saturant; a large uiciease in tensile si length and decrease in 
pliability would indicate that the looting lias a tendency to <hy out mpidl\ on 
exposure to the elements Any yellowing of the mineral mailer on (he suiface 
would indicate (lie presente of unstable oils in the bituminous dinting or sanitation 

(-J Krposmi to Air Sat mated with Moiduic at 77" I■' for 100 ///.s Accuralelv 
cut a strip of roofing IS in X IS m, and weigh Kemove the defacing mineral 
particles from both sides of the sheet with a moderately still huisli, and reweigh 
(area equals 2J sq ft ) Suspend in a tight box containing sufficient water at the 
bottom to saturate the air with moisture (’over tightIv and allow the specimen 
to remain m the moi-t air for 100 hours at 77° F As the moisture cntcis more 
leadily through the cut edges of the sheet than through the Mil face itself, 0 in 
should be trimmed from the edges at the termination of the test, leaving a si up 
measuring exactly 12 in X 12 in , repre-enting the central portion of the original 
specimen, and weighing of the latter Wcrtain the weight, thickness and 

tensile strength of the 12X12 portion at tire end of the test, and calculate any 

variation m peicentage from the original figuie.x 1 he imrease in weight should be 
figured on the basis of the onginal material nuludinj tin 1 detached mineral 
matter 

(il) / luma sum in Water at 77° /•’ fn 100 III s This test is run exactly the 
same as the preceding, only in this ca-e tin s|mi mien should Is- immcised entuely 
in water at 77° F for 100 hours An Is in / IS in sheet of looting should be 

used in making the test, and trimmed to 12 in X 12 in liofoie redetermining its 

weight, thickness or strength 

Tests Nos 2 and 3 show the susceptibility of tin* roofing to the action of dam|>* 
ness and water 

A skeleton of the physical tests ju-t dcsnilied is shown in Table WWIII. 

A variation of these texts <onsets m fust subjecting a specimen of the roofing 
to the action of moist air or water foi UK) hrs, then drying at 125° F for 100 hrs., 
re-flubjeeting to lire action of moist air oi water for another UK) hrs, and finally 
repeating the di>ing process for 1(K) hrs 

Although these tests throw roiiMdeiable light on the liehavior of the roofing 
towards atmospheric heat and moisture, nevertheless they fad to recoid one very 
important factor, namely, the effect of atmospheric oxulatmt At the present time 
we know of no accelerated test b> which this can Is* accurately measured The 
effect of oxidation can l*e recorded only by actually submitting the roofing to an 
exposure test for a lengthy jienod of time. (See p. 577 ) 
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TABLE XXXVIII -PHYSICAL TESTING OF PREPARED ROOFINGS 



Original 

Material 

After 

Heating to 

12.->° F for 
UK) his 

After 

Exposing to 
Air Saturated 
with Moisture 
at 77° F 
for UK) hrs 

After 

Immersing 
in Water 
at 77° F 
for UK) hrs. 

Pliability at 77° F 

Pliability at 32° F 

/* 

)> 

/'. 

Pi 



Weight in 11 iB per 10(1 so It 

% Decrease in Weight 


tc 

XIOO ; 

m 

U’l 

% Increase in Weight ... 



1 hi 

— xioo 

tc 

--—XIOO 

Thickness hi Mils 

t 

ti 

h 

h 

% Dei reuse in Thickness 


1 - t\ 

— x ion 

t 



% Increase in Thickness 



-—xioo 

t 

t\- t 

— xioo 

t 

Tensile Strength at 77° F 

, 

SI 


s, 

% Decrease in Strength 



- -XIOO 

"-—xioo 

% I.icmusc in Strength 


’ - X 100 




Separating Prepared Roofing into Its Component Parts. The mineral matter, 
bituminous matter and fibrous matter are distributed m the following manner: 


2— Embedded lit the 

top aitrfare coat¬ 
ing 

3— Embedded in the 

bottom aurfaoe 
coating 

4 — Admixed with the top inrface coating 

(Types \, II, (\ L>, E end F) 

5— Admixed with the bottom surface coating 

(Types A, B, C, D, E and F) 

6— Admixed with the cementing layer 

(Types E and F) 


MINKIIAL MATTEil 

Vrry Fnif Muirral Mnlttr (c g , finely ground talc, nnca or silica) Types A, 
I), E and F (on top and bottom) uIbo 'type (’ (on bottom only) 
Moilfinli'ly Coune Mint ml Matin (eg, sand, coarsely ground talc, and 
coarse mica (lakes) Type B (on top and bottom) 


(’oaittr Mtitrral MntUr (eg, erushed slate, erusheil brick or tile, crushed 
feldspar or granite, small pebbles or gru\el) Type C (on top only) 


May or may not be present If present consists 
of \m fine mineral matter (eg, clay, silica, 
limestone, shale, colored miner'll oxides, etc) 


BITUMINOUS MATTER 

1— Contained in the top surface coating (all types). 

2— Contained in the bottom surface coating (all types). 

3— Contained in the cementing layer (Types I) and F) 

4 — Contained in the fabric, present in either one layer (Types A, B, C and D) or distributed in several 

layer* (Types E and K) 

FIBROUS MATTER 

1— One or more layers of felt (all types). 

2 — Burlap or other fabric (Types E and F). 
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' nor, 

The separation of prepared rooling info Us component parts w carried out as 
follows: 

Weight Per 100 S,,. Ft. Carefully unpack the roll, taking rare not to ,|<ta. h 
any of the mineral surfacme or dusting finish Welsh the roofing alter ivniovnin 
the wrapper, ends, nails ami lap-cement packed in the erne of ihe roll .Measure 
the length and breadth of the roll with a steel ia|ic, recording the dimensions to 
^ in. Calculate the area in square feet 

Figure the weight of the finished roofing in lha per UX) h<i ft • (jj 

Cut ecverul idrips extutly .'1 in wide wnm I hr dieel 

Note —With roofing .‘Hi in wide, (hear Mripn will memo ire exin fh J h<i fl , mid with roofing :tif m 
wide, the> will measure 5 b>] It l-ind the weight of rath at up in gi.uim 
Calculate the weight of the roofing in Ilia per UMI *1 ft j2) 

Note With :W in roofing, wt n Iha per I INI s.| ft (I IMM Xwt dm atrip in gunr. 

With d 2 in roofing, wt in lie per I(HIb<i ft -O.MlYwt .tin etnp in grim- 
Check — Itesult (I) h 1 i<mi 1 «I r p’lil ic"<iilt (J) 

Detached Mineral Mattir Remove the detached mineral particles from both 
aides of the d-m. ships with a moderately still Inush or cloth and rewejgh m grams 

Culrulate tfie weight ileta< hed mineral matter in Ilia periooni ft. ^ p 

Dry Felt awl Burlap ; Total Fmht titled and Adorned Mineral Malta, Total 
Bituminous Matter. Extract one of the d-m ships m a Noxhlet extrarloi with 
lienzol. Dry the extracted fabric together with am adhering mineral mailer at 
110° (’. Cool m a desiccator and weigh the felt ns i.apidh as possible befoie it lias 
an opportunity to absoib moisture from the air HejM'at flic drying, until the weight 
is constant Carefully brush olT, weigh and set aside Ihe adhering mineral matter 

Calmlute t'm weight of each luver <lrv fell or hurhip la II n per loo *ij ft (ll 

Note l »<• the HCparated felt or hurlap for exammin,; it« phonal him] dienneid ehitrm tenutn'M 
according to the methodH in lie demrdied later 

Separate the mineral matter from the benzol extraet bv tillering or centrifuging, 
wash clean with successive jnirlions of lienznl, dry and weigh Combine with the 
mineral matter brushed off the extracted felt 

Calculate the weight of the total end eddrd and admixed mineral matt< r in Ihs per I On h.j ft ( r i) 

Screen through a set of Btandurd sieves of different mesh A mere insjiection 
of the particles retained by the various screens will enable one to distinguish the 
moderately coarse or coarse emlx-dded mineral matter from any very fine- admixed 
mineral matter present in Types B and C 

Calculate the weiglit of moderatrlv coarse or 1 mum 1 < ml tedded mineral natter in lh» per PH) ><j ft 
for Types H and C. <>r < alctdato the roml.med weight of \erv fine emhedded mineral matter 
and admixed mineral matter in ll>8 per 100 • •/ It for 'I vpea A. I), I, and I (til 

Calculate the total weight of hitnmirioua matter in II>h per 100 a<| ft , 1 e , 11 ) — |(.p -| <-I) t (. r »jJ ( 7 ) 

Bituminous Saturation in the Fell. \Varrn a strip about 2 in. wide cut length¬ 
wise from the roll, and tear off the coatings as shown in I ig 2fW, taking care that 
in so doing as little as possible of the saturated felt is removed with the coatings, 
and, on the other hand, that none of the coatings o*- cementing layer remain 
adhering to the strip of saturated felt. The small arrows to the left of the various 
types of roofing illustrated in Fig. 199 indicate approximately where the layers 
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should be separated. This can readily lx? accomplished with a little practice and 
dexterity. Where the roofing is composed of one layer of felt, as in Types A, B, C 
and D, the zone between the arrows a and 6 should be separated. Where the 
roofing is composed of two layers of felt, as m Types E and F, separate the zones 
between the arrows a and b, also c and d, respectively. In this manner, about 25 g. 
of the saturated felt (free from the coating or cementing layers) are obtained from 
each layer. Weigh and extract each portion separately in a Soxhlct with benzol. 
Dry the .extracted felt at lit) 0 0. to constant weight, desiccate and weigh. Cal¬ 
culate the weight of bituminous saturation by difference, and evaporate the lienzol 
extract to exactly this weight. 

Note— I'm* the residue of bituminous saturation recovered from each layer of felt for examining its 


physical and chemical < harnctcristics, according to the methods described later 
Calculate the per cent of bituminous saturation earned by each layer of dry felt (8) 

Calculate the weight of bituminous saturation present in each layer of the felt in lbs per 100 sq ft. 

(l c (8) X(4)J. (9) 



Fiu. 203.—Method of Stripping the Coatings from the Saturated Felt. 


Weights of Bituminous Matter in the Coatings and Cementing Layer .—In types 
A, B, C and D. The combined weights of bituminous matter in the top and l>ot- 
tom coatings in lbs. jier 1(H) sq. ft. may lie calculated by subtracting (9) from (7). 
To find the resjiectivc weights of bituminous matter in the top and bottom 
surface coatings, take a 3-in. strip cut across the sheet of roofing, from which the 
detached mineral matter has lx*en removed, and split it lengthwise by tearing the 
felt midway lietwccn the points a and 6 (Fig. 199). Weigh and extract each section 
separately in a Soxhlet. Desiccate and weigh the dry felt in each section (and the 
burlap in Tyjie D), also separate and weigh the total emliedded and admixed 
mineral matter. Calculate the weight of bituminous saturation present (ie., weight 
of dry felt X (H)J. From the original weight of each section subtract the combined 
weights of dry felt, bituminous saturation, embedded and admixed mineral matter. 
The difference represents the weight of bituminous matter in the surface coating 
carried by that particular section. 

Calculate the weights of bituminous matter ut tiie top and bottom coats, respectively, in lbs per 
100 sq.ft. . (10) 

In Types E and F. Take a 3-in. strip freed from the detached mineral matter 
as previously described, and split it into three sections, by tearing through the 
felt midway between the points a and 6, also c and d, respectively (Fig. 199). 
Weigh and extract each of the three sections separately in a Soxhlet. Separate, 
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and in each case weigh (he dry felt (also the burlap in Type F) and the total 
mineral matter. Following the method previously described: 

Calculate weights of bituminous matter in the top and bottom coats respectively in lbs per 100 

*t. .. . (11) 

Calculate weight of bituminous matter in the cementing lu>er in lbs per 100 eq ft 

Calculate weight of very fine mineral matter admixed with the cementing layer in Il>s. per 100 sq. ft. 

Very Fine Embedded Mineral Matter also Admired Mineral Matter, in the Top 
and Bottom Coatings Respectively. Types A, D, E and l 1 ’. Take another 3-in. 
strip from which the detached mineral matter has been brushed off, and remove the 
outer layer of the top and bottom coatings respectively, by means of moderately 
rough sand paper. Enough of the surface should Ik* scraped to remove every 
vestige of the very fine emliedded mineral matter, and at the same time care should 
be taken not to cut completely through the surface coatings into the saturated felt 
underneath. 

With Types A and D, split the scraped sheets lengthwise midway between the 
points a and b. Wilh types E and F, split the serajied sheets lengthwise midway 
respectively, between the points a and b, also c and d, discarding the central 
section. Extract the scraped outer sections separately with benzol as before, 
recovering and weighing: 


The dry felt present in the respective scraped sections . (12) 

The admixed mineral mnller present in (he scraped sections (13) 

The total bituminous matter present m the surface coating and saturating the felt in the respective 
scraped sections (14) 

The drv burlap (in Tjpe I)). 

Calculate the bituminous matter present m the felt in the respective scraped sections 
|(X) t 100 X(12)| .(15) 

Hence the bituminous matter present in the surfme coating remaining on the respective scraped 
sections =(lf) -(15) (10) 

The proportion of very fine mineral matter admixed with the bituminous matter in each coating 
-(13) -(10) (17) 

Total weight of very fine mineral matter ntlminl with the respective coatings in lbs per 100 sq ft 

"(17) X< 10) (in Types A unci 1)| or (17) X(11 1 I in T\ pes I. ami I-] (1R) 

And weight of very fine mineral matter • mhulilul in the surface of the respective coatings in lies 
per 100 sq ft =(Ii)-(1S) 


Nature of the Bituminous Matter in the Coatings and Cementing Layer. Brush 
off the detached mineral matter from a surface alioul 2 sq. ft. in area. Then scrape 



off the outer portion of the surface coating with a sharp knife. This is accomplished 
by holding the knife at right angles to the sheet of roofing resting on a firm, level 
surface, and rapidly drawing the blade sideways under moderate pressure (Fig. 204). 
Care should be taken to avoid scraping entirely through the surface coating. This is 
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i by fiSgt tUS” aid l^ZhsvcZL SSl J ^ 
Dry and weigh the mineral matte, Calculate the weight of bituLousJtenX 
scrapings by difference, and evaporate the combined benzol extracts on the watj 
hath to exactly this weight, completing the evaporation if necessary in an oven. 
Both surface matings should be treated separately in this manner. In Type D the 
bottom coating may readily be removed by cooling the specimen in an ice-chest and 
rapidly tearing off the burlap, which will carry most of the bottom coat with it. 
This should be extracted, filtered and the extract evaporated to obtain the pure 
bituminous matter present. 

With Type F the central web of burlap may be torn out, and the bituminous 
matter contaiuc l in the cementing layer separated in the same manner. 

With Type K the bituminous matter may be separated from the cementing layer 
between the sheets of felt, by cooling in an ice-ehest, rapidly tearing the specimen 
in two along the plane of the cementing layer, scraping and separating the bitu¬ 
minous matter as described for the surface coatings. 

Use the separated bituminous matter for examining its physical and chemical 
characteristics. 

Testing the Raw Felt. Ash. The ash is determined by incineration and 
calculated in percentage. 

Fibres Present. The percentage composition of the fibres is determined micro¬ 
scopically by staining them with a solution of /.mc-elilor-iodide (prepared by dis¬ 
solving 4 g. of potasduin iodide and 0.1 g of iodine In 12 e v of water, and then 
adding 20 g of /.me chloride), and counting under a microscope having a magnifica¬ 
tion of about 100 diameters. The individual fibres arc recognize*I by their char¬ 
acteristic shapes and the colors they arc stained by the zme-ehlor-iodide solution. 

The percentages are ascertained by counting the fibres in a number of fields and 
finding their average. The following classes of fibres arc reported 


Hag Fibres 


Paper Fibres 


Cotton fibres • stuuicd winc-rcd 
Wool fibres— unstained bv the solution 
. Jute and manila fibres—stained a yellowish brown 
J Mechanical wood pulp—stained lemon-jellow 
\ Chemical wood pulp (sulphite and soda)—stained muv 


*h purple to pill pie 


The following solution has been suggested for distinguishing the different kinds 
of chemical wood pulp, including unbleached and bleached sulphite pulps 1 The 
fibres are first moistened with a 5 jier cent solution of ammonium molybdate and 
then with a solution of paranitroanilinc (200 mg dissolved in SO c <\ of distilled 
water, to which are added 20 mg. sulphuric acid, spgr. 1.767). This stains the 
fibres as follows: 

Mechanical wood pulp . . bright reddish orange 

Unbleached sulphite pulp ... faint dull orange to faint brownish 

Bleached sulphite pulp and soda pulp. colorless 

Another reagent recently proposed for this purpose 2 is prepared by mixing equal 
volumes of N/10 ferric chloride and N/10 potassium ferrieyanide solutions. The 
moist fibres are immersed for 15 minutes at a temjKjraturc of 35° C., removed 
and washed thoroughly with water. They are then immersed in a freshly prepared 

'"Paper Ileagent,” by W. J. Schepp, ('hrmtnl Analyst, p. 20. September, 1017. 

'"A Method to Distinguish between Blearhed and Unbleached Sulphite Pulps," by C. G. Bright, 
J. Ind. Eng Chcm , 9, 1044. 1917. 
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red »tain composed of: iienzopurpurin 4-B extra (Bayer & Co.) 0,4 g,; oxamine 
brilliant red BX (Badische Co.) 0.1 g ; and distilled ivaler 100 e.c. This is main¬ 
tained at 45 C. for 5-6 minutes, the fibres thcrupon removed, washed immediately 
with water, and examined tinder a microscope. Unbleached sulphite pulp, ground 
wood, jute, or any lignified fibres are stained a deep blue (the depth de|iending 
upon the lignin content,); whereas bleached sulphite pulp, soda pulp, rags, wool 
or any thoroughly bleached fibres are stained a brilliant red. 

" Number." This is an arbitrary figure adopted by the trade, oorryspi Hiding 
to the weight in pounds of a ream consisting of 480 sheets, each measuring 12 in. X 
12 in. 

Thickness. This is expressed in mils. 

Mullen Strength. Since the raw felt is not susceptible to changes in loni|iernture 
(as is the case with the finished rooting) it may be tested for tensile strength hv means 
of the Mullen tester. 1 The specimen is accordingly tested at room tcnipcinfuie by 
increasing the tension at a inufoim speed of 2 lbs per second until it iupturea. 

Thickness Fudor . This is equal to the thickness ..Is divided by the “num¬ 

ber ” of the felt. 

Strength Fnelur This is equal to the Mullen strength in pounds divided by the 
“ number ” of the felt 

Testing the Raw Burlap or Duck. Weight. In the ease of burlap and cotton 
duck, the weight is figured as explained on p :i!!() 

Thickness Expressed in mils. 

Mullen Strength. Determined as described for testing the raw felt. 

Bituminous Coating, Saturation and Cementing Compounds. These should lie 
examined by the methods described in Chapters XMX to XXXI inclusive 

Mineral Surfacing and Admined Mineral Matter. These may lie examined by 
the methods outlined in Test, (it) (p 5.(8). 


BITl'MINOrs EMULSIONS 

These include bituminous emulsifying oils used for laving dust (“ dust 
palliatives” p. X.ni), also bituminous emulsions used for waterproofing 
Port land-cement mortar and concrete (p. •157). The following products 
are likely to lie present, viz.: water, ammonia, various chemicals, bitu¬ 
minous matter, animal and vegetable oils or fats, other forms of non- 
bitiiminous organic matter and mineral mutter. 

Water is determined as described fur Test 25 Ammonia is liberated by render¬ 
ing alkali with caustic fiotasli and heating if present, it. is delected by its odor, 
and may tic determined quantitatively by distilling into a standard solution of sul- 

1 The tensile strength of the dry felt is in< reused lualoriall) hv extra* ling with solvents, but 
it may ho made to correspond closely with its original figuies, hy exposing the dcsattirati-d felt 
for 3 da.vs to air at 77° F completely saturated with moisture, prior to its being touted The fol¬ 
lowing figures will illustrate this point, \u strength original felt (before extra*lion), 23 3 lb. 
(average of 10 tests), original felt upon heating to 2(i.V’ F for < r > minutes, pooling in a desiccator 
an«l testing in.mediately, 20 9 lb, original felt upon extracting with benrol in Soxhlet for 6 
hours, cooling m desiccator and testing immediately, 30 4 lb, extracted felt exposed 3 days to 
air at 77° F carrying 30 per rent moisture, 33 6 lb , extracted felt exposed 3 days to air at 77° F. 
completely aaturated with moisture, 27.0 lb- 
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phuric acid and retitraling with alkali. The presence of chemicals may be detected 
by boiling with water, acidifying with hydrochloric acid and extracting the bitu¬ 
minous and fatty substances with lienzol. The chemicals remain in the aqueous 
layer and may lie determined by a qualitative or quantitative analysis. Bituminous 
matter is determined by sa|K>nifying the material and then extracting the unsaponi- 
fiablc constituents as described in Test 39. The non-bitummous organic matter 
and the chemicals are separated from the bituminous and fatty matters as previ¬ 
ously dcscrilied, and the non-bituminous organic matter in turn separated from 
the chemicals by suitable methods. Mineral matter is determined by incinerating 
a weighed quantity of the material and examining the ash as described in Test 36 
Animal and vegetable oils or fats are examined by Tests 37, 39 and 40 respectively 

BITUMINOUS PAINTS, CEMENTS, VARNISHES AND JAPANS 

As pointed out in Chapter XXVII, bituminous paints, cements, var¬ 
nishes, enamels and japans tin* all characterized by the presence of a vola¬ 
tile solvent with a bituminous base, combined in the form of “vehicle.” 
Depending upon whether or not the bituminous paints and cements 
contain a pigment or tiller, they may be divided into two general classes, 
viz.: 

(1) Pigment or filler absent: including bituminous varnishes and 
japans, also certain bituminous paints and cements. 

(2) Pigment or filler present: including bituminous enamels, also 
certain bituminous paints and cements. 

The first class consists of a vehicle made up of a solvent and base. 
The second consists of a pigment or filler combined with a vehicle, 
the hitter similarly being made up of a solvent and base. The 
bituminous base may be composed of bituminous matter, with or 
without the presence of animal and vegetable oils or fats, resins or 
metallic dryers. In making an analysis of the paint, cement, varnish, 
enamel or japan, the following components are separated and examined 
viz.: (1) solvent, (2) pigment or filler, (3) base. 

Estimation of Solvent. Rapid method used for determining the jtereentage of solvent 
present: 

The method devised by A. L. Brown is rapid and gives accurate results, but 
docs not recover the solvent for further examination. 1 Deliver 3-4 c.c. of the 
well-mixed material (cements as well as paints of a heavy body should first tie 
thinned to fluid consistency with a weighed quantity of pure benzol) from a 10 c.c. 
pipette into a weighed glass flask of 50 e.e. capacity, as rapidly as possible. Stopper 
the flask immediately, weigh, and dilute to the mark with pure benzol. Deliver 
exactly 10 c.c. of the well-mixed material from the pipette upon a weighed ground- 
glass plate, 10 by 15 cm. and 1.5-3.0 nun. thick, supported in a level position. 

1 "Quantitative Determination of Body and Sohent in Varnish." by A h Brown, Proc. Am Soe. 
Titling Afahnah, 14. Fart II, 4(57, 1914, "Determination of Volatile Thinner in Oil \arnish," by 
E. W. Boughton, Technologic Paper No 7(5, Bureau of Standards, Wash , D. C., June 21, 1910. 
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The diluted material should be flowed gradually on the plate, the. object 1 lieing 
to cover it entirely, without causing the solution to creep over the edges. It is 
recommended that 7 c.e. Ik* delivered first, and the remainder, a few drops at a 
time during the ensuing 2 minutes. The evaporation of the lienzol will carry most 
of the solvent with it, and the film is so thin that the solvent will «*vnporale in 
1J-2J hours, the plate lx*ing weighed every half hour to follow the course of evap¬ 
oration. Should the material contain a drying oil, the plate must be placed in 
an atmosphere of illuminating gas after the first half hour, replacing it yftcr each 
weighing. The solvent has entirely evaporated when a constant weight is obtained. 
From this calculate the |K?rcentnge of solvent, by weight. An idea of the drying 
qualities of the film may Ik* gained by placing the glass in a fieo circulation of 
air after the solvent is eliminated, and weighing it every hour as the film oxidizes, 
until it no longer increases in weight. If the coating has a tendency to dry 
unevenly, a weighed quantity of 50-mesh sea sand, previously dried and ignited, 
may lie sifted over the paint in a very thin layer, but so the paint will be visible 
between the grains of sand. This will insure a uniform evapoiation of the solvent. 

Method Used for Recovering the Solvent for Its Examination and I doit if nation. 
Distil 100 g. paint m a 500-cc. flask, connected with a spray-trap and a vertical 
condenser, and pass through it a current of dry steam, the flask being heated in # 
an oil bath to 100° C. As the steam passes through, gradually laise the tempera¬ 
ture of the bath to 130° C. Catch the distillate in a separatory funnel, continuing 
the distillation until the funnel contains 4(X) e.c. of water. To prevent fiothing 
and bumping, it is advantageous to weigh a small piece of broken glass or pumice- 
stone into the flask. Ix?t the distillate stand until it sepaiates into two layers, 
then draw off the water and determine tin* volume and weight of solvent recovered. 
Weigh out another 1(X) g into a 250-cc. flask and distil without steam over an 
electric stove. Continue the distillation until the residue in the flask reaches a 
temperature of 2(X)° O. This gives somewhat lower results than the fiist method, 
but the distillate should be tested for water soluble substances to correct the results 
obtained by the previous method. Turpentine dissolves to the extent of 0.3 g. 
for each 100 c.c. of water condensed. 1 

Pigment and Filler. Dilute 1(X) g. of the well-mixed material with 500 c.c. 
of lK*nzol in an 800-c.c. stopi>cred flask. Let stand in a warm place until the pig¬ 
ment or filler has settled, then carefully decant, the supernatant liquid into a clean 
flask of large capacity. The pigment or filler is shaken up with 250 ce more 
lienzol, allowed to stand in a warm place until it settles, and the supernatant 
liquid decanted into the second flask. Itejieat the treatment with benzol until the 
vehicle has been completely extracted from the pigment. The combined extracts 
are allowed to stand quietly to recover any pigment that may have I icon carried 
over with the lienzol, and then carefully decanted through a weighed Gooch crucible 
provided with an asliestos filter. The residues in the flask and on the Gooch crucible 
are washed with lienzol as before, and combined with the balance of pigment or 
filler which is then dried at 110° C. and weighed. The pigment or filler thus 
extracted is used for a qualitative or quantitative analysis (Test 36c). J 

Examination of the Base. The combined extracts of the preceding test are 
distilled to a small bulk, transferred to a tared dish, and evaporated in an oven at 

i''Some Techiral Methods of Testing Miacellaneoua Supplies,” by P II Walker, Bulletin No 109, 
Review!, Bureau of Chem., U S. Dept of Agn , Wa»h , D C . Feb 2«, 1910 

* "Analyaif of Paint* and Painting Material*,’* by H. A. Gardner and J A. Schaeffer, N. Y., 1911. 
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110° C. exactly to the calculated weight of the base, by subtracting the weights 
of solvent and pigment or filler from the original weight of material taken for 
examination. When oxidizable substances are present, the final evaporation should 
take place in an atmosphere of illuminating gas. 

The base recovered in this manner will contain the bituminous material (with 
the exception of the 11 free carbon ” which will be separated with the pigments), 
animal and vegetable oils or fats, resins and metallic bases and dryers. It should 
be tested, by the methods described in Chapters XXVIII and XXIX, to identify 
the materials used in its manufacture, or to aid in its duplication. It may be 
separated into its component parts as follows: 

Milhod of Analyziny the S< par at id Base 

Dissolve SO g in ISO rr benzol. Add 10 <*<* dil nitric and M 1) and boil under a reflux con* 
denser for J hour to decompose any metallic soaps (le driers, etc ) Add ISO re water, boil under 
reflux condenser, transfer to a separatory funnel, draw off the auueoi s la\er, hod with another 100 c e 
water, and repeat if necessary until all the metals are rcmo\ed 


Hemal Solution 

Distil to 100 e c , add 300 c c of the saponifying liquid (Test 39), bod under refluv 
condenser for 1 hour, and separate the unsapomfiablc and saponifiable constituents 
as describe 1 in Test 3!) 

1 queou < Extract 
Contains the 
metallic bases as 
nitrates Examine 
qiialitativelv and 
then quantitative- 

Unmponifiiihte Mathr 

Saponifiable Matter 

Aqueous I.ayt i 

Examine a small portion by Test 

Separate the fatty ami icsi i 

Deter m in e: 

ly for lead, n an- 

43 If higher alcohols are present, 

acids as described in Test 37» 

peri outage gl> - 

gun esc, col ml t, 

separate the balam 
into 

e bv Test 31) | 

Fatty Acids 

lit sin Acids 

enrol bv Test 
It) Multiphi 
this by 10 t< 

/inr, calcium, and 
magnesium 
(N B —The last 

Hydrocarbons 

lliylur Alcohol •, 

Include anils 

Include ands 

estimate per 

three used for liar- 

Contain the 

Etc 

derived from 

derived from 

<ent of v egc- 

timing rosin The 

bituminous sub- 

Contain eho- 

vegetable and 

rosin and the 

table or ainmu 

! metallic dners 

stances (i c as 

lesterol etc do- 

animal oils m 

tossil resins 

mis or fats (tri- 

should not bo 

phalt coal-tar pitch 

rived from wool 

fats, also from 

(Note "M") 

glvcerulesipret 

found by ignition, 

unsup matter de¬ 
rived from fatty- 
arid pitch, etc ) 
Examine bv the; 
methods included, 
in Chaps XXVIII 
to XXXI inclusive, 

grease, also thej 
unsaponiliable 
constituents 
originally pret¬ 
erit in resins 
11 to h?; ) 

f a t t v - a e i d 
pitch 

(Note "A") 


out in the oil 
gmnl substance 

(Note “C") 

since the lead will 
l»e reduced to 
metal bv the or¬ 
ganic matter, and 
volutilized ) 


Note " A " 


The following means are used to distinguish between the fatty a''ids derived from oxidized vege¬ 
table or animal oils and fatty-acid pitch respectively 

Fatti/ And* l)nind Fatty Ands Derived 

From Vff/ttahle m Fiom Fatty-arid 

tm mat Oi/\ Fitch 


I,actone Value (Test 376) 

K and 8 Fusing-point (Test 15a) . 
Hardness at 77° F (Test tic) 

Color in Mass (Test 1) 


I.css than 25 
Less than 80° F 
Less than 5,0 

.. Translucent yellow to brown 


(Jreater than 25 
Greater than 80° F. 
Greater than 5 0 
Opaque brown to black 


{Note ••»••) 

Test qualitatively for rosin by the Lichcrmann-Storeh reaction (Test 43) Fossil resins may be 
distinguished from rosin by determining the saponification, acid and ester values of the mixed resin 
acids. The following figures have been reported on the resin acids separated as described: 1 

•"The Determination of Rosin in Varnishes," by A. H Gill, J Am. Chem. Soe, IS, 1723, 1906; 
"Shellac AnaUfis," by K. F. Hicks, 8th Intern. Cong, of Applied Chem., II, 115,1912. 
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Saponifies t ion 

Value 

Arid 
[ \ slue 

Ester 

Value 

Straight Rosin Varnish 

182-185 

160-162 

22 24 

Rosin J; Kauri 2 Vaim-h 

122-135 

44-62 

72-78 

Rosin J, Kauri } \ariush 

143 5 

88 


Straight Kauri Varnish 

130 

45 

85 

Untreated Knsm 

165-180 

155 170 

0 13 

Untreated Kauri (.5uni 

12. 

41 

83 


Other resins ir.ay he examined in a like manner, although unfortunately, figurra are not ut present 
available. 

Sot. 


If this corresponds with the total saponifiable matter present (Test 39), then fat h-acid pitih and 
reBins are absent 1 

The following is an outline of a method devised hy the author for examining 
the dry films of paints, cements, varnishes, enamels, or japans winch have in-on 
applied to surfaces of metal wood, masonry, or propaml roofing. It often hap|iens 
that none of the original material is available, and it becomes necessary to examine 
the paint after it has been applied to the object intended, and allowed to harden , 
or oxidize in the air, either at normal or elevated temperatures. The method has 
been found to yield fairly accurate results. 

Carefully scrape 50.00 g of the paint or varnish film from the sur arc to which 
it has been applied, and avoid including any of the underlying surface,.* From this 
point on the method is outlined in the following table: 


•>/ Drinl I'nint Film* 

Boil 50 g scrapings with 35(> r r of the Baponifjing Ii<i">d (Tost 39) under a reflui eondenwr for 1 


Add 300 p c benzol-alcohol O D. b»il. let settle and de<ant the supernatant liquid into a 
_ Bepcat the treatment with henrol-aholiul (1 J) until most of the soluble constituents 
have been extra*ted. then combine the extra-1» and let stand quietly to recover any further settlings, 
which after de<ant.itnm and washing are added t<- the n mu )>»»rtion of the r e sidue _ 


hour 
large flask 


Benzol-Alcohol (1 

Extracts. 


Iliwhif 

Dry in an oven at 1<H)° C , pulverize finely. transfer to a paper thimble snd 
extra* t in u Soxhlet with bcnrolnh olml (2 I) for 12 hours 


\H, Mill-Ml ohol I 2 \) Litresrt 


Combine the hi-nti.lulcohnl (2 II ai-d 11 >> eiaporalc] to I, 

.mail bulk, acid wi aralc lice in ,a|ioiiilial3« and aaimi.ilialilc r„n.,n"cla 
ft-I denirihed in T* si 30 

UmapontfiabU Matter \Sapomfiabl W*lf»r j \<,u«>\is Lnyr ^ 
Examine as described; bum me as dcwribcdj Examine as dernlied 


I H.n.iur 

I)rv, ignite and weigh 
This iik 1 iiiles pigments snd 
[tillers, free earbon from tars 
<>r pitches, also any metallic 
dryers present (Note "A*'). 


Sot. ••A” 

•riua should be examined niirroanipirtlly (Teat Slid) lor fillers, ami .ubjerted to a qualitative or 
Quantitative cheunral analjaia Note that any chrome green, clirume veil..., I’rici.ii blue, etc , are 
transposed by the alkali, and tbeae, also lampblack or carbon Mark, arc decomiuawd on 1,0,1,00, lor 
which due allowance must be made. 

• ••Determination of Oil and Resin in Varnish," by E W Boughton. Technologic Paper No. 65. 

Bureau of Standards. Wash., D C , Feb. 19, 1916 , . 

• The blade of a safety razor held at right-angles to the surface scraped, and drawn across it 
slowly but firmly has been found convenient for tins purpose 







CHAPTER XXXIII 
WEATHERING TESTS 

Effects of Weathering. All substances undergo a change on being 
exposed to air, moisture and sunlight. Metals undergo corrosion, rocks 
disintegrate, wood decays and animal or vegetable fibres decompose 
by hydrolysis. Bituminous substances are not. immune from such action. 
On exposure to the weather (i.c., air, sunlight and moisture) they will 
change physically and chemically. 

In the early days of photography, solutions of asphalt in etherial 
. oils such as turpentine, oil of lavender, etc., were used for preparing 
the sensitized photographic film. On exposure to light under the lens 
of a camera, certain changes took place in the asphaltic coating, as 
evidenced by the fact that upon subjecting it to the action of tur¬ 
pentine, those portions which had been in contact with light became 
insoluble, but those protected from its action readily dissolved in the 
solvent, bringing the photographic image into relief. It took rather a 
long exposure to produce satisfactory images, since asphalt is only 
moderately sensitive to light in comparison with some of the high-speed 
photographic plates in use at the present time. Nevertheless very 
artistic results have been produced by this crude method. It was soon 
observed that certain forms of asphalt were more sensitive than other, 
and Syrian asphalt in particular (p. 135) became very popular on 
account of its purity, solubility, hardness and sensitiveness to the light’s 
rays. 1 It was subsequently found that the addition of sulphur chloride 
increased the sensitiveness of native asphalts, 2 but petroleum asphalts 
were apparently rendered inert in its presence. Further investigations 
revealed the fact that petroleum asphalts free from paraffine are rela¬ 
tively the most sensitive towards light. 3 

Maximilian Toeh noted that bituminous materials on exposure to 
sunlight decomposed with the liberation of “ free carbon.” 4 His experi- 

* "Syrian Asphaltum for Printing Plates,” C. Fleck, J. Soe. Chtm Ind., tt, 268, 1904. 

•"Increase of Sensitiveness of Asphalt," E. Valenta, Phot. Korr., 47, 236, 1910, "Sensitivcm-as 
of Aaphalt to light," by A ltoainger, Ckem Ztg , 36 , 243, 1913, "Chemistry of Asphalt and Especially 
Photo-chemical Properties," by Paul Godrich, Monntsh , 36 , 535, 1915. 

•"The Eight-Sensitiveness of Petroleum Asphalt,” by Paul Gddrieh, CAem. Ztg., 39 , 832, 1915. 

♦‘‘The Influence of Sunlight on Paints and Varnishes," by Maximilian Toeh, J. Soc. Chtm. Ind., 
IT, 311, 1908. 
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ments indicated that this action was inhibited by incorporating an 
opaque pigment. He pointed out further that animal and vegetable 
oils (triglycerides) are not affected in this manner, and when blended 
with bituminous materials, apparently retard the action. 

Investigations of the weathering of bituminous substances have been conducted 
by Hubbard and Reeve, 1 Church and Weiss,* Reeve and Anderton 3 and Reeve and 
Lewis. 4 The changes brought aliout upon exposure to the elements are (flute com¬ 
plicated, involving one or more of the following reactions: 

Emporution. This represents the gradual loss of volatile constituents on expo¬ 
sure to air and the sun’s heat. Certain bituminous materials evaporate quite 
rapidly, and especially the tars. With any bituminous substance the rati' of evap¬ 
oration depends almost entirely upon the tenifierature. Other things being equal, 
the higher the temperature the greater the volatilization The deteimmation of 
volatile matter (Test G) is usually regarded to be an accelerated evaluation test, 
which is supposed to show in a relatively short time at an elevated teni|M*rature, 
what takes place over a lengthy period when exposed naturally to the air and mhi. 
This is not, however, strictly correct, as will be explained below. 

Oxidation This takes place on exposure to air and progresses more rapidly ’ 
at high than at low temperatures. The effect of oxidation is twofold, and involves 
the direct union of oxygen with the bituminous substances, also the elimination 
of a portion of the hydrogen in the form of water These two reactions may be 
expressed roughly as follows: 

C J H v +0=C J H„0 
C,H v +0=CJI„_i I H*0. 


The absorption of oxygen is accompanied by a gain in weight whereas the 
elimination of hydrogen is accompanied by a loss in weight. At low t<an|>eraturos, 
these reactions are probably induced to a large extent by the actinic light rays. 

It is recognized that bituminous substances Ix'have differently when heated in 
an inert atmosphere such as illuminating gas or nitrogen, than when heated under 
similar conditions in air or oxygen. In the former instance evaporation only takes 
place, whereas in the latter, evajKjration occurs as before, but this at the same time 
is accompanied by a loss in weight due to elimination of hydrogen, also by a gam 
in weight caused by the absorption of oxygen. The extent and nature of these 
reactions will depend upon the substance it-elf, and also on the conditions to 
which it is subjected 

Carbonization. This represents the formation of “free carbon ” in the bitu¬ 
minous material, and is induced by an extensive elimination of hydrogen as indi¬ 
cated by the following reaction: 

»/0 “ C*» i +//II iO. 

1 “The Effect of Expoeure on Bitum<»s," by Pr( vout Hubbard and C. 8. Reeve, J. Ind. Eng. 
Chtm ,5, 15, 1913. 

1 "Some Experiment* on Technical Bitumen*," Proe Am Sot Tttltnii Material*, 1#, 275, 1015. 

•"The Effects of Exposure on Tar Product*," by C S Reeve and B A Anderton, J Franklin 
Inst . 463, Oct 1910 

•“The Effect* of Exposure on Some fluid Bitumen*,” by C. S. Reeve and It. II. Lewia, J. Ind. 
Cktm , 9, 743, 1917. 
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In -other words, it represents the elimination of hydrogen carried to an extreme. 
As a matter of fact, the deposit of free carbon generally contains a small percentage 
of hydrogen, and is rarely composed of pure carbon. (See Hubbard, loc. cit.). 
This reaction progresses most rapidly in sunlight (p. 571) but will similarly take 
place upon subjecting the bituminous substance to a high temperature (see “Over¬ 
heating," p. 1140). 

Polymerization. This is due to a condensation or polymerization of the mole¬ 
cules, and manifests itself by a hardening or “setting" of the substance. 1 This 
polymerization has also been termed “ spontaneous hardening ” and is comparable, 
in a way, to the hardening or setting of Portland cement. The reaction may be 
expressed as follows: 

ttCjHj, =C n jII n |r 

Bituminous materials after being freshly melted will appear softer and show a lower 
fusing-pomt than upon standing a day or two. For this reason it is recommended that 
the hardness and fusing-point be determined on the freshly melted material. Polymeri¬ 
zation also takes place to a greater or lesser extent on heating bituminous materials 
to a high temperature, and is especially noticeable in fatty-acid pitches, some of 
which set and become infusible upon being heated in the neighborhood of 800° (’. in 
the same manner as churn-wood oil. 

Effects of Moisture. All bituminous substances are more or less affected upon 
exposure to moisture, which manifests itself in two ways, namely ly the actual 
absorption of water and by the gradual leaching out of solul le < onstituents. These 
actions become intensified when the substance has oxidized, since oxygenated sub¬ 
stances seem to have a greater affinity for moisture than the hydrocarbons them¬ 
selves. 

The moisture-absorbing projierties of bituminous substances may lie demon¬ 
strated optically by pasting a postage stamp on a piece of glass and coating it 
with a film of the bituminous substance applied in the form of paint. After the 
solvent has evaporated, the sheet of glass is immersed in water. Within 24 to 48 
hours the water will be observed to have jiermeatcd the paint film, loosening the 
postage stamp, and forming a blister underneath. 

Exposure to the weather affects the physical and chemical characteristics of 
bituminous substances in the following manner, viz.: 


(Test 1) 

Color i \ n hss 

. .. lUicones lighter; 

(Test 2) 

Homogeneity . 

.Destrojed 1*} the formation of free carbon; 

(Test 5) 

Lustre. 

.Disappears, the surface becoming dull, 

(Teat 6) 

Streak . 

tin C8 t > a \ cllow; 

(Tent 7) 

8p. gr. at 77° F . 


(Test 8) 

Viscosity 

. Increase 

(Test 9) 

Hardness or eni.flistency . 

. Inrrearcs 

(Test 10) 

Ductility 

Decreases, 

(Test ID 

Tensile strenrth. 

Decrease.*, 

(Test 12) 

Adhesiveness . 

Decrease, 

(Test 15) 

Fusing-pomt . 

Increase. 

(Test lfi) 

Volatile matter . 

Decreases; 

(Test 17) 

Flash-point. 

Increases, 

(Test 18) 

Burning-point. 

. Increases; 

(Test 19) 

Fixed carbon. 

. .. Increases, 

1 "Tho Testing of Bitumens for 
MalenaU, 8, 359, 1903. 

Paving Purposes," by A. W. Dow, Proe. Am. Soc. Tilling 
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(Teat 21a' 
(Test 21 b) 
(Test 22) 
(Teat 23) 
(Teat 31) 
(Test 37) 
(Test 39) 
(Teat 40) 


Solubility in carbon disulphide. 

Non-mineral matter insoluble 
Carbenes 

Solubility in 88° petroleum naphtha 
Free carbon 

Saponifiable constituents . 
Unsaponifiable matter 
Glycerol. 


De'-rcasee; 

Increases, 

\ unable, 

1 c< rcanes, 

Increases, 

Unchanged, 

Unchanged, 

Unchanged 


The weather-resisting properties of bituminous substances are of primary impor¬ 
tance in the case of bituminizcd roof coverings, bituminous paints, cements, varnishes 
and enamels, on account of the relatively thin lauus in which these products are 
customarily employed. 


Nuum 

ItATF 1 XHIMID 

Ntrnc 
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Cum|>'o Co»t 
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Ctmip'n h»t 



Dali Mnuufactiiri-ri 

Rm.vnl 


I’rcdom Color 

Kinnuka 


Funl S'ihI'k 

Amount ( h« 

0I.V.TVHUO04 

Whiu hxp'd 

Top Outing • 

Amount l'H»r 



ThHkmxx VC, ipht 


■'liability »l IV? J Ti ns Mu nj, 

' 



Conducting Weathering Tests on Bituminized Fabrics. The following system 
has l>ocn adopted by the author for conducting exposure tcsis on bitunumml roof 
coverings, viz.: 

.Sections 18 in. by 36 in, or 18 in by 32 in. dejiending uj>on whether the roofing 
is 36 or 32 in. wide, are taken across the sheet, the cutting being sharp and square. 
These are exposed on a platform, composed of \ in. tongued and grooved boards, 
preferably pine, having a 2 in. slo|>e to the south, the samples being nailed with 
large-headed galvanized barbed roofing nails at the four comers, midway across 
the 18 in. edges, and at three intermediate ixtinls along the 36 or 32 in. edges, a 
total of 12 nails Ixung used. A convenient card for recording data both initially 
and after exposure is illustrated in Fig. 205. 
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The'predominating color is expressed numerically as follows: 1—white, 2—fairly white, 3—some¬ 
what yellowish, 4—yellow, . r >~ light gray, 6—dark gray, 7— black, 8—becoming lighter, 9—becoming 
darker, 10—glossy, 11—dull, 12-iridescent. 

The amount of soapstone is also recorded in digits, as follows. 1—much, 2—considerable, 3—little, 
4—very little, .1—none 

The character of the soapstone is recorded by 1—coarse, 2—granular, 3—medium, 4—fine. 

The amount of the top coating by 1- much, 2—considerable, 3— little, 4—very little, 5— none 
The character of the top coating. 1—coarse \einmg, 2—moderate veining, 3—fine veining, 4— 
barely veined, > r >~ smooth. 

The dimensions arc rerorded in inches measured lengthwise and across the specimen, the thickness 
in mils, the weight in grams, the pliability expressed as on p SOI, and the tensile strength as on p. .102. 

Both the indoor and excised samples are examined at the following intervals, 
viz.: J year, 1, 2, 3, 4, 5 and 10 years, and the data recorded on the reverse side 
of the card, in columns A to 11 inclusive. The condition of the surface is expressed 
in digits as follows: 

(A) the amount of fixed soapstone remaining, cipressed as 1—much, 2—considerable, 3—little, 4—very 
little, !i- none 

(H) the amount of weather-coaling remaining, expressed as 1—intact, 2—considerable, 3—little, 4— 
very little and .1- - none 

(C) the condition of the exposed surface, expressed as 1—unchanged, 2— homogeneous, 3— mottled, 
4—smooth, .1— rough, 0- few fine checks, 7— entered with fine checks, X—few coarse checks, 9— 
covered with coarse checks, 10- checks disappearing, 11—few blisters, 12—entered with blisters, 
13—pitted, 11 few hair cracks, 1.1--entered with hair cracks, 10— eotered with coarse (racks, 
17—felt exposed in spots, IS- felt largely exposed. 

(Da) the predominating color of the indoor Bnmplc, and 

(Db) the predominating color of the exposed sample expressed as noted pre\ iously. 

(E) the amount of ‘'(lusting” determined by rubbing the surface with a white cloth and observing 

the amount of weathered bituminous coating reunited, designated as l—none, 2— tery little, 

3— little, 4—-considerable, .1—very much 

(F) the influence of rubbing on the color, deBigi uted as 1—none, 2—becomes dull, 3—becomes rusty, 

4— becomes lighter, .1—becomes darker, ti becomes glossy. 

(tla) the pliability of the indoor sample at 77° F (see p. .1(>1), and 
(C»b) the pliability of the exposed sample at 77° F 

(11a) the tensile strength of the indoor sample at 77° F., and 
(lib) the tensile strength of the exposed sample at 77° F , and 

(He) the percentage increase or dec rcase in the tensile strength of the exposed sample over that of the 
indooi sample. 

’Hie 8 specimens illustrated in Mg. 200 represent, typical surface conditions as 
recorded in column 0. 'Ihc appearance of sjieeimen A may lie expressed os 1-2 
(unchanged and homogeneous); that of sjiecimcn Has 7 (covered with fine cheeks): 
siiet'imcn C as 0 (covered with coarse checks); specimen 1) as 10 (checks disap¬ 
pearing, meaning that they existed when the previous observation was made, but 
have since largely disapjicarcd); that of s|>ecimon E as 11 (showing a few blisters); 
that of specimen V as 15 (covered with hair cracks); that of sjiecimen G as 16 
(covered with coarse cracks); specimen II as 18 (felt largely exposed). These 
photographs were taken after the sjiccimens were exposed to the weather for five 
years. Mg. 207 shows specimens A and II enlarged 3J diameters. The veined 
surface of A shows up very distinctly, and also the characteristic uneven appearance 
of the roofing when the weather-coating has worn off and the felt fibres exposed, 
as in II. 

“Checking” is distinctly a surface phenomenon which manifests itself with 
certain substances on exposure. The checks rarely extend entirely through the 
bituminous coating, and are seemingly caused by the hardening and contraction 
of the upi>er stratum, resulting in a tension which is sufficient to cause it to crack 
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Flo. 206.—Effects of Exposure on Smooth-surfaced Prepared Roofings. 
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and slide over the softer sub-stratum. Bituminous substances which are largely 
influenced by changes in temperature (in other words having a high susceptibility 
factor) are likely to check. As the “spontaneous hardening” (p. 576) progresses 
downward into the lower layers, the checks gradually disappear. 

Blistering is caused either by the accidental inclusion of globules of moisture 
underneath the bituminous coating, or by using a saturating material carrying an 
abnormally large proportion of volatile constituents. The heat of the sun will 
cause these to gradually vaporize, and the pressure exerted on the weather coating 
forms blisters. 

Hair cracks are caused by the contraction of the bituminous material, and take 
place with substances which arc hard, brittle, and devoid of elastic properties. The 



(A) (II) 

Fro. 207. Enlargements of Specimens A and H in Fig. 200 


action is aggravated by the use of soft plastic saturating n.atenals in conjunction 
with a hard and brittle coating. The cracks usually extend all the way through 
the bituminous coating, and will neither seal up nor disappear in time, as is the case 
with the checks. 

The predominating color is a criterion of the rapidity with which the soapstone 
or mineral matter on the surface disappears, and the “ dusting " furnishes an indi¬ 
cation of the rate with which the bituminous coating weathers away on exposure. 
As bituminous substances weather, they form a pulverulent chalk-like mass having 
but little coherence, and which is therefore easily removed by wiping with a cloth. 
This corresponds to “ chalking ” of linseed-oil paint films. The influence of rubbing 
on the color is of supplemental value, furnishing an indication of how deep the 
weathering has progressed. 

The pliability of the roofing show's to what extent the roofing has “ dried out," 
bearing in mind that when the pliability decreases to a certain extent, the sheet 
can no longer fulfil its function properly, but will break upon being subjected to 
a severe vibratory strain. 

The tensile strength indicates the extent to which the weathering has w ? eakened 
the roofing, also an approximation of its residual wearing qualities. By constructing 
a curve of the tensile strength of the sheet at different intervals, some idea may be 
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gained of its probable durability. As the roofing ages indoors, it gradually gains 
in strength, until it finally remains constant. A similar sheet exposed out doors, 
rapidly gains in strength up to a certain point, which corresponds to the disappear¬ 
ance of its weather coating. The tensile strength will thereupon decrease until it 
falls below the corresponding strength of the indoor sample The roofing reaches 
its 11 mean effective life ’’ when the strength curve of the outdoor sample crosses 
the curve of the indoor sample. This will lie made clear by Fig 20s showing the 
strength curves of representative high-grade I, 2 and 3 ply smooth-surfaced pre¬ 
pared roofings weighing 32, 42 and 52 lb. net per 108 sq.ft. The solid lines represent 



the strength of the outdoor samples, and the dotted lines the corresponding strength 
of samples aged indoors. The following figures will interpret the diagram, viz.. 


Original strength. 

Maiimum strength outdoor sample 
Outdoor aample same strength as indoor 
Outdoor sample same strength as originally 


< IlH* 

1*1 v 

T» 

»-|dv 

'I hn 

o-plv 

Years 
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Years 

I.l IS 

5 ears 

LI IB 

0 

50 

O 

70 

0 

90 

7 

85 

10 

120 

12 

H5 

9 

75 

121 

90 

15 

115 

10 

50 

13 

70 

1*1 

00 


The mean effective lives of the roofings in question may l»c taken as 9, 12} and 
15 years respectively, and the maximum effective lives as 10, 13 and 15} years. 
The life of the roofing may be prolonged by painting it with a high-grade bitu¬ 
minous paint, before the weather coating has entirely worn away. 
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Conducting Weathering Testa on Bituminous Paints, etc. Bituminous paints 
may similarly be tested by applying them in one or more coats to stee! sheets 
or wooden panels, and observing their appearance at regular intervals. The follow¬ 
ing features should be recorded: 

(1) Loss of lustre. 

(2) Condition of the exposed surface. 

(3) Amount of dusting. 

(4) Influence of rubbing on the color. 

(fl) Any chipping of the paint and exposure of the underlying surface. 

(6) Any corrosion in the case of the steel plates. 

Items 2, 3 and 4 are recorded as in the foregoing tests on prepared roofings, 
and items 1, 5 and 6 in accordance with any convenient scale of measurement. 

Much has been written concerning the methods for performing exposure tests 
on paints, and for further information on this subject, the reader is referred else¬ 
where. 
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TEMPERATURE CONVERSION TABLE 


Fahrenheit to Centigrade 
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SUBJECT INDEX 


A 

Absorption test oE 
hitumimzcd roofings, 
bituminous compositions, 552, 570 
insulating pnixrra, 438 
paints 570 
Acetone, 41, ISS, 100 

solubility in, *n "solubility " 

Acetone oils, IMS, 180, Hm 
A cetylenes, Hit 

Acid asplmlt, mi "sludge asphalt" 

Acid oil distillate, HOI 
Acids 

asplialtous, "asplialtous acids” 

fatty, see "fatty adds” 

free, sec "free acids” 

resin, me "resin acids" 

tar, *<t "tar at ids” 

Acid sludge, see "sludge” 

Acid-sludge asphalt, me "slinlgc asphalt" 
Acid \alue, 513 
Adhesue compositions, 302 
Adhesi\e compounds for 
built-up roofing, 4 42, III 
waterproofing, 412 

Adhesive or adhesiveness test, 4M1, 500 
Kirsihbrauns, 507 
Osborne's 500 
Aegente, 151 
Aconite, 151 
Africa 

ulbcilltc in, me "albcrtltc” 
asphalts hi, m* "usphnlt ” 

\gcd surface of bituminous nuiterials, 4*5 
Aggregate, me "mineral aggregate" 
Agitators, 303; 

Air condensers, 174 
Air-dning paints. 172 
Air-dry mg varnish, 47.4 
Albania, asphalt in, su "asphalt" 

Mhcrttt, asphalts in, mi "asphalt" 

Albert coal, 10, 153 
Albert shale. 102. 221 
Albcrtltc, 153, 1*2 

characteristics of. 1 l'f 
classification of, 20 
depoly mentation of, 50, 314 
discovery of, 10 
distillation of, 221 
metainorphoen of, 50 
Albcrtltc in 
Australia, 150 
Canada. 153 
United States, 155 
Utah, 155 
West Africa, 150 


Albert it e shales, l.Vi 
Alcohols, 11. 185, ISS, I.SU, Hill 
higher, •«» "higher alcohols" 

Algcna, asphalt* in, s«* 1 asphalts" 
\lsiue-Eoriaine. asphalts m. m. 1 asphalts 
Ammonia, 42, 2t>s, 220. 231, 2f3, 215 
Animoniiim sulphate, 200, 221 
Analysis ol 

hitiiniiuizcd fabrics, 5<>0 
hituniiuizcd miii< rid aggicgatcs, 552 
bitiinunoiiN cements, 570 
bituminous emulsions, 500 
bituminous paints, 570 
bituminous japans, 570 
bituminous varnishes, 570 
dned (mint films, 573 
Analysis, ultimate, 42 
Anhydrides. 513 

nsphaltoim acid, "asphnltoiu and anhy¬ 
drides” 

Animal ihaieoul, 337 
Animal bits, 317.341, 5in 
Animal oils. 317, 311, 510 
Annual theones, mi " tlicuiics" 

Animal waxes, 317, 510 
Anthriucue, 41. lOO, 215, 2D, 550 
Anthrai cue oil, 231. 210. 2D 
Anthranlc nml, 01. 220. 2D, D2 
chissitn at ion ol, 20 
metamorphosis ol, 5S, (ill 
Antliiacoxomtr, 50 
Anthrai|Uinone iea» lion, Dl. 550 
Arabia, asphalts in, mi "usjdialtR" 

An adian shale, 102, 221 
Argentine, asphalts in, sn "asplialts" 

Argillite, 102 

Aristotle on asphalts, 10 

Arkansas, impsonitc in, mi "iinpsonite" 

Armature-carbons, 451 

Armored hituminiml fabrns, 385 

Artilmal asphalts, m ' petroleum asplialts" 

Asbestos felt, 300 

Ash in felt, ISO, 3'Ml, 5i,K 

Asia, uspbults hi, mi "asphalts" 

Asiatic Hussia 

asphalts in, me "asphalts" 
elaterite in, mt "elatcute" 

Asphalt: 

and. net “acid asphalt" 
and-sludge, sri "nod-sludge asphalt" 
asmnntcd minerals. 47 
Barbados, me " Barbados asphalt" 

Bermudez, »n "Bermudez asphalt" 
blown, *rr "blown iH-troleum asphalt" 
chemistry, of 15, 28 
< laasifieation of, 14, 20, 82 
coinpoaiton of, 42 
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A sphalt*—(Win ued: 

condensed, see "blown petroleum asphalt" 

consumption in U ,H„ 67 

(racking of, 56, 277 

out-back, see "out-back asphalt" 

definition, of, 23' 

discovery in Cuba, 12 

discovery in Trinidad, 12 

distinguishing from fatty-acid pitch, 336 

Dubb's, see " Dubb's asphalt” 

exports from U. S , 66 

extracting of, see "extraction” 

for waterproofing, 442, 443 

geology of, 46 

heating of, 58 

imports into 17 S , 60 

La Brea, see "lmBrca asphalt” 

lakes, 48 

Limmer, see "Limmer asphalt" 
liquid, 82, 268 

Lobsann, see “Lobsann asphalt" 

Maracaibo, see "Maracaibo asphalt” 
metamorphosis of, 55 
native, see "native asphalt” 

Neuehatcl, see "Neucjiatel asphalt" 
origin of, 14, 55 
origin of word, 1 

oxidised, see "blown petroleum asphalt” 
oxidised petroleum, see "blown petroleum 
asphalt" 

oxygenised, see "blown petroleum asphalt” 
petroleum, see "petroleum asphalt" 
production of, 02, 63, 65 
properties of, 22 

pyrogenous, see "pyrogenous asphalts" 
Hagusa, see " Hagusa asphalt" 
residual, see "residual asphalt” 
rock, see "rock asphalt" 
seepages, 48 

Seyssel, see “Scyssel asphalt” 
sludge, see "sludge asphalt” 
springs, 8, 48 

straight-run, see "straight-run asphalt” 
sulphurized, see “sulphurised asphalt" 
Tataros, see "Tataros asphalt” 

Trinidad, see "Tnndad asphalt" 

use by Babylonians, 0 

use by Egyptians, 5 

use by Persians, 4 

use by Sumerians, 1 

use in Biblical times, 0 

Val de Travers, see " Val de Travers asphalt" 

\ eins, 50 

wurtzilite, see "wurtzilite asphalt" 
Asphalt-bearing shales, see "shales” 

Asphalt block pavements, 7, 373 

Asphalt broken stone pavement, 360 

Asphalt cement, see "asphaltic cement” 

Asphalt-cork composition, 453 

Asphaltenes, 527, 646 

Asphaltic cement, 370 

"Asphaltic coal,” 10 

Asphaltic constituents, 481, 545 

Asphalt fillers, 3H2 

Asphaltic limestones, 26 

Asphaltic petroleum, see "petroleum" 

Asphaltic pyrobitumen, 149 
classification of, 26 
compositon of, 43 
definition of, 24 


Asphaltic pyrobitumen —Continued 
heating of, 58 

metamorphosis of, 52, 55, 57 
origin of, 52 
production of, 62, 64 
properties of, 22 
veins of, 50 

Asphaltic pyrobituminous shales, 56, 158, 159 , 

classification of, 26 
metamorphosis of, 56, 57 
Asphaltic resins, 547 
Asphaltic sands, 71, 94 
Asphaltic shales in Colorado, 66 
Asphalt in: 

Africa, 126 
Albania, 10, 90 
Alberta, 105 
Algeria, 126 
Alsace-Lorraine, 118 
Arabia, 126 
Argentine, 110 
Asm. 91, 125 
Asiatic Bussia, 125 
Austriu, 120 
Baku. 12 

I California, 66, 83, 102 
Canada, 105 
Cuba, 12, 86, 107 
Dead Sea. 6, 11, 51, 12# 

Eastern Siberia, 91 
Europe, 90, 1 16 
Trance, 13, 90, 110 
(Icrmany, 13, 119 
C! recce, 90, 123 
Indiana, 93 
Italy, 122 
Japan,125 
Kentucky, 66, 82, 92 
Louisiana, 100 
Mesopotamia, 8, 126 
Mexico, 85, 107 
Missouri, 93 
Nigeria, 126 
North America, 82, 92 
Oklahoma, 66, 82, 93 
Oregon, 85 
Persia, 5, 8, 13 
Philippines, 91 
Portugal, 124 
Bhodesia, 126 
Bussia, 124 
Siberia, 91 
Sicily, 123 

South America, 80, 108 
Spam, 124 
Switzerland, 14, 117 
Syria, 91. 125 
Texas, 66, 100 
Trinidad, 12, 108 
United States, 82, 92 
Utah, 66. 82, 101 
Venezuela, 17, 86 

Asphaltites, 127, 340: 
classification of, 26 
composition of, 41, 43 
definition of, 23 
geology of, 46, 50 
heating of, 58 
metamorphosis of, 55, #7 
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Asphaltites— Continued 
production of, 62, 64 
veins of, 50 

weather-resistance of, 340 
Asphaltites, Lake, 11, 12 
Asphalt-leather mixture's, 454 
Asphalt macadam, see “bituminous macadam'' 
Asphalt mastic, 15, 374, 434 
Asphalt mastic floors, 374 
Asphalt mastic foot-pavements, 374 
Asphaltous acid anhydrides, 546 
Asphaltous acids, 546 
Asphalt paints' see “bituminous paints": 
use by Romans, 12 

Asphalt pavements, stone-filled, see “stone- 
filled sheet-asphalt pavements" 
Asphalt-saturated felt, 397, 429 
Asphalt saturator, 396 
Asphalt tiles, 374 
Asphalt uni, see “asphalt " 

Asphaltum oil, see "residual oil" 

Austria' 

asphalt in, see "asphalt" 
pyrobitununous shales in, ser "pj robituminous 
shales" 

Australia 

albertite in, see “ albertite " 
elatente in, set "elatente" 
pyrobitununous shales in, see "pyrobitununous 
shales" 

Automobile oil, 266 

B 

Babylonians, ubc of asphalt by, 6 
BafTe-plate separator, 181 
Baffle scrubbers, 175 
Magna, 76 

Making japans, 477, 47S 
Baking \nrnishcs, 478 

Ball and ring fusing-point method, set " fusing- 
point" 

Barbados glance pitch, set “glance pitch” 

Base course, 360, 362, 367 
Base of bituminous paints, 462 
Base of paints, examination of, 571 
Bathvillitc, 160 
Battery-lmx compound, 451 
Battery carbons, 451 
Baum/’* scale, 487 
Bedding course, 373 
Benzenes, 38 

Benzine. 211. 207, 281. 464, 466 

Benzol, 38. 227, 232, 245, 250. 465, 466 

Benzol, solubility in, set "solubility in benzol" 

Benzoline, 267 

Bermudez asphalt, 17, 86 

Biblical times, use of asphalt in, 6 

Bibliography, 583 

Binary mixtures, 342 

Binder- 

bituminous, see "bituminous binder" 
close, see “close binders” 
of briquettes, see "briquette binders" 
of sand cores, 251 
open, see "open binders" 

Binder course, 368 
Bitulithie specifications, 364 
Bitumen: 
definition of, 21 


Bitumen —Continued: 
early definition of, 13 
"elastic," 13 
origin of term, 1 
Bitumens 
classification of, 26 
composition of, 42 
geology of, 46 
metamorphosis of, 52 
movement of, 50 
occurrence of, 17 
origin of, 46, 52 
properties of. 22 
Bitummated cork mixtures, 453 
Bitununatcd leather mixtures, 451 
Bitumimzrd fabrics, 386, 560, 577 
Bituminized floor covering, 126 
Bituiimiiscd mineral aggregates, 352, 552 
Bituminized tapes, su "electncal insulating 
tapes” 

Bituminized null board, 440, 560 
Bituminous 
detinition of, 21 

Bituminous adhesive coiii|H>8itiou, w< 'adhesive 
comp< isiti'ms" 

Bituminous binder, 357, 360, 3n5 
Bituminous broken stone pavenu ms, 360 
Bituminous curpets, m> “eatpet mat" 
Bituminous cement, 365, 37(1, 462, 173 
analysis of, 570 

Bituminous coal, 60, 61, 168, 225, 182' 
classification nl, 26 
coking, 226 

destructive distillation of, 227 
metamorphosis of, 58 
solulnlitv of, 226 
v olatile matter in, 168 
Bituminous coal shales, 159 
Bituminous coating compositions. 392, 437 
Bituminous compositions, 112 
Bituminous concrete pavements, 362 
Bituminous dust-laving oils, 268, 353 
Bituminous emulsions, 351, 351, 158, 569 
Bituminous enamels, 162. 176. 576 
Bituminous expansion joints, 383, 566 
Bituminous tillers, 7, 382 
Bituminous fuels, 451 
Bituminous gravel pavements, 366 
Bituminous japans, 462, 477, 576 
Bituminous lignite, 264 
Bituminous macadam, 366 
Bituminous materials, physical characteristics of 
set "phv meal cliaraetcrmtu s " 

Bituminous matter 
discovery of in N V State, 16 
discovery of in 1' S , 16 
extraction of, 557 
in roofings, 564 
recovery of, 559 

separation from mineral aggregate, 567 
Bituminous mixtures, 338 
classes of, 318 
Bituminous paints, 462 
analysis of, 576 
resistance to moisture, 576 
weathering of, see "weathering testa" 
Bituminous paving materials, 352 
Bituminous rubber substitutes, 451 
Bituminous saturating compositions for: 
electncal insulating tape, 439 
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Bituminous saturating compositions for — rout'd • 
flooring fabrics, 420 
insulating ami sheathing papers, 437 
prepared roofings, 300 
waterproofing membranes, 120 
Bituminous substances 
blending of, 338, 34S 
chemical composition of, 42 
chemistry of, 28 
classification of, 12, 10, 20 
consistency of, 338 
'*■ luition’of, 21 
emulsification of, 351, 354 , 458 
fluxing of, 330, 310, 318 
fusibility of, 330, 340, 482 
hardening of, 343 
hardness of„339, 340 
heating of, 340 

improving amalgamation of, 344 
increasing tensile strength of, 345 
making more weatherproof, 345 
overheating of, 350 
preparing mixtures of, 338 
roducing susceptibility of, 344 
rendering war-like, 347 
softening of, 343 
terminology of, 10 
\olatility of, 330, 340 
weatherproof properties of, 330, 340 
Bituminous surfaemgs, 357, 358 
Bituminous varnmhcB, 402, 474, 570 
Black grease, 320 
Black oil, 208 

Blast-furnuce coal tar, 27, 100, 238, 212, 213, 
482 

Blast-furnace coal-tar pitch, 27, 252, 482 
Blau gas, 201 

Blending, methods of, 338, 318 
Blistering, 580 

Blocks, asphalt, see "asphalt block pa\oments” 
Blower wax, 77 

Blowing, effects of, on asphalt, 200 
Blown asphalt, sir "blown petroleum asphalt” 
Blown coal-tar pitches, 255 
Blown Oklahoma asphalts, 1(H) 

Blown petroleum asphalt, 17, 18, 200, 287 
carelessly prepared, 201 
classification of, 27 
composition of, 13, 280 
from asphlatic petroleum, 204 
from mixed-base petroleum, 201 
from nun-asphaltic petroleum, 204 
properties of, 202, 311, 182 
relation between fusing-point and hardness, 203 
relation between fiiBing-point and spgr , 203 
weather-resistance of, 201, 341 
Blue-gas, 257 
Boghead cannel coal, 100 
Boiled tar, 188 
Bomhiccite, 50 
Bone charcoal, 337 
Bone fat. 310, 320. 327 
Bone-fat pitch, 317. 328, 332, 335 
Bone grease, refining of, 327 
Bone oil, 337 

Bone tar, 27. 16(5. 317. 33(1, 337. 482 
Bone-tar pitch, 27. 317, 330, 337, 341, 482 
Bottom peat, 107 
Boussingault on asphalts, 15 
Brauchite, 59 


Brazil, pyrobituminous shales in, see “pyrobitu- 
minoiis shules" 

Breaking weight, 390 

Brightening of petroleum produets, 278 

Briquette binders, 454 

Briquetting, use of eoul-tar pitch for, 251 

Browncoal, see "lignite" 

Burgundy pitch, 100 

Burlap, 300, 509 

Burning oil, 207 

Burning point, 481, 520 

Bursting strength, see "Mullen strength” 

But>relliie, 50 

Byerhte, 18, 287, 280 

C 

(’able pitch, 80 

California, asphalt in, see “asphalt” 

Califoi ma residual asphalt, see "residual asphalt” 
Canada: 

albertitcin, see" albertite" 
asphalt in, see “asphalt " 

pyrohituruinous shales in, see "py.ohituininous 
shales” 

Canadol, 207, 404 
Candle pitch, 317 
Candle stock, 318 
Candle tar, 317 
Cannel coal, 0U, 100, 100, 225 
Cannel coal shales, 150, 100 
j Canncloul coal, 00 
Capillarity, 51 
Carbencs, 342, 181, 520 
' Carbolic oil, 248 
I Carbon, 28, 45, 481,530 
Carbon disulphide, 400 

non-mineral matter insoluble in, see "non- 
imneral matter” 
solubility m ,su "solubility” 

Carbonization of bituminous substances, 350, 575 
Carbon oil, 207 
Carbons • 

for armatures, set “armature carbons" 
forbatteiics, "battery eurbons” 
for electric-lights, v« “electric-light «urbona” 
Carbon tetrachloride, 400, 527 
Carbureting ml, 258 

Cnrca&s-rendering grease, refining of, 327 
Carpet eout, 357 
Carpeting medium, 200 
Cement 

asphaltic, su “asphaltic cement" 
bituminous, »u “bituminous cement” 

Cement waterproofing compounds, 434,457 
Centrifugal deflector, 178 
Centrifugal method 
for dehydrating, 182 
for separating bituminous matter, 558 
Centrifugal scrubbers, 177 
Feld tviie, 177 
Beading type, 177 
Thiesen type, 177 
Cercsine, 20, 75 
Checking. 578 
Cheese pitch, 115 
Chemical tests, 481, 520 
China-wood oil. 403, 475, 478, 551 
Chloroform, 400 
Cholesterol, 331, 549, 551 
Cholesterol pitch, 317, 329 
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Classification of: 
asphalt, 14 

bituminous substances, 12, lit, 26 
Clay, colloidal, »er "colloidal clay” 

"Clay pigeons," coal-tar pitch used for, see "coal- 
tar pitch" 

Cleaning oil, 211, 213, 267 
Cleats, roofing, see "roofing cleats" 

Cleveland open tester, see "flash-point” 

Close binder, 3(»8 
Coal 

Albert, see "Albert coal" 
anthracite, *<< "anthraute coal” 
asphaltic, see "asphaltic coal" 
bituminous, *rc "bituminous coal" 
cannel. set "canncl coal” 
canneloid, **< "(anneloid coul" 
coking, si* "coking coal" 
gas. wr "gas coal” 
gco|og\ of, 46 
glance, su "glance <oal” 
parrot, mv “parrot coal" 
pitch, srr "pitch coal" 
subcnnnel, in "subcannel coal" 

Coal gas, 14, 31, 227 

Coal oil, 267 

Coal shales, 26, 5X, IV) 

Coal tar, 22.'t 

lilast-furnacc, m* "blast-fnrna<c coal tar" 

coke-men, x«* "coke-men coal tar" 

compositon of, 31, 3\ Id. It, 227, 215, 246 

deliMlratnm of, 2 In 

disimerx of, 13 

distillation of. _■ Hi 

distilled n, "distilled co.il t.ir" 

distinguishing from oil ga- tin, 2n2 

for siturating purposes 2M 

gas-works, m ' gas-works <<nl t ir" 

OXldlSI'ig of, 17 

oxidised, w< “oxidized * o.il tai " 
prod hi cr-gas, *•* " produ* er-gas foal t.ii" 
prodmtion of, 11, 22‘» 
proibuts from, table fa*mg ‘Jin 
plojHTtlCH ol, 212, l S3 
r« eognili'ili of, 21 'i 
refined, m ‘ rehne*l <oal tar” 
refining *if, If, 2I'» 
s* bents from, I'. ln'», 166 
stills used for, 2 In 
Coal-tar creosote, m "«rcosotc" 

Coal-tar distillate-, U»1 
Coal-tar naphtha, sn "naphtha" 

Coal-tar pitch, 22.*> 

blast-furnace, m " blast-fnrnai e < onl-tar pit* h" 
blown, **♦-*• "blown roal-tar pitih" 
characteristics of, 253 
classifii atioii of, 27 

coke-oxen, m "coke-oxen coal-tar pitch" 

cut-back, nr "cut-back coal-tar pitch" 

discox’ery of, 13 

for hatterv-carbons, 251 

for bri*i net ting, 251 

for clay pigeons, 251 

for electric-light carbons, 251 

for joint fillers, 251 

for plastic compositions, 251 

for sand cores, 251 

for waterproofing, 251, 442 

gas-works, nr "gas-works coal-tar pit*h" 

hard, 2>l 


! Coal-tar pilch—Cow/i nurd: 

! medium, 251 

j producer-gas, *** "producer-gas enal-tnr pitch " 
properties of, 252, 341, 4X2 
1 soft, 251 

j Btraight-run, me “straight-run coal-tar piteh" 
xxater-resistnnce of, 255, 421) 
weather resistance of, 255, 341 
Coal-tar saturated felt, 31)7, 121) 

I Coal-tar wheats, 15, 165,466 
Coating compositions. 3H2, 437 
Coatings, mi "bituminous loatings" 

Coefheient ol expansion, 241, 251), 336, 4X8 
Coke, 200. 212, 2.12, 2t>!». 27'.), 2*2 
Coke-oxen coul tar. 160, 225, 233 
clussih<ation of, 27 
ptodui tion of. 233 
properties of, 213, 244, 215, 4X2 
('oke-ox en eoal-tar piteh 
classification of, 27 
properties of. 252, 4X2 
Coke ox ctis 
beehixe, 233 
Kuppers, 237 
< >t lo-Hollman, 23,'j 
Sc met-Nil \ »\, 235 
I mted-t Mto. 23ti 
Cokex fill* It, 115 
Coking coal. M). 22ti 

f '* ill* *i< hi I < lax, 55, 113, 351, 351, 370, 4 V) 
Colombia, glum r pitch in, ***< "glance pitch" 
Color 

in mass, IS I, 1X4 
ol roofing 5*0 

< olntado 

gilsonite, m. in "gilsonile" 
graharnite in m ' grnhaniite" 
shale m, i,, "shale" 

CoiiifiiiHlmii partial, "pailml (oiiibnstioii” 

( oinplex mixtures, 317 
Compositions or «oinpoiimls 

adhesix e, m "adhesive componi) ihhh” 
bill t it \-box. i<, " lint ter v-box < oinpniiii<f ” 
bitiimiiii hi—, m/ "luliiiiimoiH «i>mpi»-ittons" 
ii in* nt-w in rpriMifing, -.* "o in* i I-w.it* ipioof- 

ing compounds" 

chemuul, i<* "elieiiiical composition" 
coating, in " bit ii mi nous i * uiting * omp* sit mna" 
core, s,i " core cott)|H»mds " 
clci tru ul, m* " electru al insulating <nn»|>oimd&" 
insulating, m "cle* trn iilinsnlnling*nmponiid'*" 
jam t ion-box, n, " j ii n* tion-box coin|smiid ’ 
moulding, m " moulding compositions" 
pipe-scaling, m "pi|>c-Healing compounds" 
j*ot-head ,in “pot-head eonijsiiind” 
saturating, me "bituminous saturating com¬ 
positions" 

xaeuum, ire " vacuum-impregnating com¬ 
pounds" 

waterproofing, «* "waterproofing ronipounos" 
(*om|K>sitioii roofings, ire "roofings" 

Compressive strength of bitmriiiiirod aggregates, 
551 

< 'oinpressor oil, 26X 

( omre-te, bituiuirioos, m "bituminous concrete" 

( ondeiisod asphalt, m "blown j»etroleum 
asphalt" 

Condensers. 171 

air, m "air <omlciiHcra" 
primarx, *** "primary condensers" 
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Condensers —Contin ued: 
secondary, see "secondary condensers 1 ' 
water, tee " water condensers ” 

Condensing system, 171 
Congo copal, 452, 463 
Consistency test, 481, 494 
Consistency tester, 492, 494 
Consisto meter, 498 
Continuous distillation of: 
coal tar, 249 
fatty acids, 319 
lignite tar, 210 
petroleum, 273 
shale tar, 222 
Coorongite, 150 
Coorongitic shale, 164 , 221 
Core compounds, 454 

Cork, bituminated, tee “bituminated cork 
mixtures" 

Corn oil, 403, 478 
refining of, 327 
Corn-oil-foots pitch, 317, 332 
Corn-oil pitch, 317, 327 
Cotton-oil pitch, 326 
Cotton pitch, 317, 326 
Cotton-seed footS, 326 
« Cotton-secd-foots pitch, 317, 332 
Cotton-seed oil, 463 
refining of, 325 

Cotton-seed-oil-foots pitch, 320 
Cotton-seed-oil pitch, 317, 326 
Cotton-seed stearin, 319 
Cotton-stearin pitch, 317, 326 
Course; 

base, are. “base course” 
bedding, see "bedding course” 
binder, tee “binder course” 
foundation, tee "foundation course” 
intermediate, tee "intermediate course" 
surface, see "surface course" 
wearing, tee "wearing course" 

Covering, hituinmizod Hour, tci " bituminizcd 
floor covering" 

Cracked distillate, 282 
Cracking, 56. 165, 173, 272, 282 
Cracking distillation, 272,282 
Cream-separator oil, 268 
Creosote or creosote oil 
from coal tar, 248, 379, 430 
from lignite far, 208, 212, 214 
from peat tar, 200, 201 
from wood tar, 189, 465 
Creosote preservatives, 10, 379 
Crude scale wax, 308 
Crude wax, 308; 

Cuba: 

asphalts in, tee "asphalt" 
discovery of asphalt in, 12 
grahamite in, ter "grahainite" 

Cube method for fusing-point, tee "fusing-point" 

Cushion, 373, 380 

Cushion layer, 380 

Cut-back asphalt, 277, 358 

Cut-back eoal-tar pitch, 251, 358 

Cyclic hydrocarbons, tee "hydrocarbons" 

Cyclo-olefines, 37 

Cyclo-paraffines, 34 

Cylinder oil, 268 , 278 

Cylinder stock, 278, 280 

Cymogene, 267, 464 


I D 

/ Daniar, 452, 463 
/ Damp-proofing methods, 434 
I Damp-proofing paint, 434, 469 
Dead oil, 248 
Dead Sea: 

asphalt in, see "asphalt” 
glance pitch in, see "glance pitch” 
Definition of: 
asphalt, tee "asphalt" 
asphaltite, see "asphaltite” 
bitumen, tee "bitumen" 
bituminous, see "bituminous” 
pitch, tee "pitch" 
pyrobitumen, tee "pyrobitumen” 
pyrogenous, sec "pyrogenous” 
tar, see "tar” 
wax, sec "wax" 

Deflectors, 174, 178 
Degras, see "wool Uegras" 

Degras oil, 329 
Degras stearin, 329 
Dehydration of: 
asphalts, 68 
petroleum, 269 
tars, 180 

Density, see "specific gravity" 
Depoly men ration, 56, 58, 313, 475: 
of albcrtite, tee "albertite” 
of elatcntc, tee "claterite" 
of wurtzilite, tee " wurtzilite” 


Deposits of asphalt, see "asphalt" 

Deposit: 

primary, see "primary deposit” 
secondary, see "secondary deposit” 
Destructive distillation, 165, 167 
Diacetylenes, 34 
Diazo reaction, 481, 519 
Dimethyl sulphate test, 538 
Dinite, 59 

Diodorus Siculus on asphult, 11 
Diolefincs, 33 
Dioscorides on asphalt, 11 
Dippcl oil, 337 
Disintegrator, 178 
Distillate oil, 379 
Distillates. 

coal-tar, see "coal-tar distillates" 
petroleum, see "petroleum distillates" 
pyrogenous, .«<• "pyrogenous distillates” 
Distillation. 

continuous, x-c "continuous distillation" 

destructive, see "destructive distillation" 

dry, tie "destructive distillation " 

of coal tar, 246 

of hardwood, 185 

of lignite tar, 210 

of ozokerite, 75 

of peat, 200 

of petroleum, 270, 

of rosin, 193 

of shale tar, 222 

of soft wood, 189 

of wood, 184 

fractional, see "fractional distillation" 
intermittent, see "intermittent distillation” 
steam, see "steam distillation" 
vacuum, see "vacuum distillation" 
Distillation olein, 321 
Distillation Iteann, 321 
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Distillation test, 421, 520: 
flask method, 520 
retort method, 522 
Distilled coal tar, 251 
Distilled-grease olein, 329 
Distortion under heat, 444, 555 
Dopplerite, 59 

Dow ductility test, see "ductility teat" 

Dried paint films 
analysis of. 573 
Dr>ers, 463, 475 
Dubb’s asphalt, 269, 294 
Duck, 390, 569 
Ductility test, 481, 502, 

Durability of. 
paints, 582 
roofings, 408, 581 
Dust, tee "fillers" 

Dust catchers, 238 
Dusting, 578 

Dust-laying oils, 268, 353 
Dust palliatives, 353 
Dust preventatives, 353 
Duxitc, 59 
Dynamo oil, 268 
Dysodile, 59 

E 

Earth, fullers', see "fullers' earth" 

Earth wax. «u "mineral wax" 

Earthy peat, 198 

Eastern .Siberia, asphalts hi, .«<«• "asphalts” 
Ehano, 289 

Egypt, glance pitch in, wc "glance pitch" 
Egyptians, use of aaphult h\, 5 
"Elastic bitumen," 13 
Elatente. 119, 150. 482 
classification of, 26 
depoly menzation of, 56 
discovert of, 13 

distinguishing characteristics of, 149, 482 
metamorphosis of, 56 
Elatente in 

Asiatic Kussia. 150 
Australia, 150 
England. 150 

Electro al insulating compounds, 447, 448 
Electrical insulating japans, su "japans" 
Electrical insulating tape, 439, 560 
Electrical insulation 
hituinmizid papers for. 438 
montan wax for, fit "montan wax" 

Electrical method for dehydrating petroleum, tee 
"petroleum" 

Electrical precipitators, 174, 180 
Electric-light carbons, 451 
Elements in bituminous suf stances. 42 
Elliot closed tester, sec "flash point" 

Elutnation test, 363, 541 
Emulsification, 351, 354. 459 
Emulsions. *er "bituminous emulsions" 

Enamels, bituminous, get "bituminous eiaii.els" 
Engine distillate, 267 
Engine oil, 268 
England 

eiaterite in, tee "elaterite" 
hatchettite in, tee "hatchettite” 
pyrobituminous shales in, ice "pyrobituminous 
shales" 


I Engler viscosity, 491 
Enriching oil, 2.58 
Estcrfication, 545 
Ester value, 544 
Euosmite, 59 

Europe, asphalts in, nee "asphalt" 

Evaporation of bituminous materials, 675 
Examination of, gee “analysis of", 
aggregates, "aggregates" 
broken slag, ere "slag" 
broken stone, ate "stone" 
filler, gee "tiller" • 

sand, hu "sand" 

Expansion, coefficient of. 244, 259, 336, 488 
Expansion joints, see "bituminous expansion 
joints" 

Export oil, 281 

Exposure test, 345, 577, 582 
I' xt met ion with solvents, of 
California sand asphalt, 73 
Extraction with water of 
Allwrta asphaltic sand, 71, 72 
Alsace-Lorraine asphaltic limestone, 72 
Mustelines asphaltic limestone, 72 
Mexican asphaltic sand, 71 
Oklahoma asphaltic sand. 71, 72. 99 
ozokerite, 72, 75 

San \alentino asphaltic limestone, 72 
Scv sbcI asphaltic limestone, 72 
Tataros asphaltic limestone, 72, 121 
Texas asphaltic limestone, 72 
Extractors, 72. 178. 180 


F 

I abnes 

armored, tie "armored hituminued fabrics' 
asbestos, Hte "asbestos felts" 

Intuminiced, »o "bitumiuiced fabrics" 
felted, Htt "felted fabrics" 
flooring, net "flooring fabrics" 
insulating, hu "insulating fabrics" 
roofing. Hie "roofing fabnes” 
sheathing, hu- "sheathing fabrics" 

waterproofing, i>n "waterproofing fabrics” 
woven, tte "woven fabrics" 
fastening devices for roofings, 415 
I-at 

animal, nee "animal fat" 
bone, hu "bone fat" 
neutral, nee "neutral fat" 

1 at pitch, 317 
Eats and oils 
hydrolyzing of, 318 
refining of, 317 

Fatty-acid pitch, 317. 320, 341. 482- 
behavior on heating, 332 
characteristus of, 333 
classification of, 27 
coefficient of expansion, 336 
distinguishing from asphalts, 336 
for baking japans, 332, 477, 478 
for varnishes, 333 
from bonr-fat, 232, 335 
from cotton-seed-oil foots, 332, 335 
from corn-oil foots, 332, 335 
from garbage, 332, 335 
from lard, 332, 334 
from packing-house refuse, 332, 335 
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Fatty-iyid pitih- - Continued: 
from palm oil, 332, 335 
from tallow, 332, 335 
from sewuge, 332, 335 
from wool-grease, 332. 335 
properties of, 330, 333 
weather-resistance of, 332, 330, 341 
Fatty acids, 41, 543, 544, 572: 

distillation of, 310 
Feld stem of cooling, 240 
analysis of, 503 
Felt- 

asbestos, see "asbestos felt” 

asphalt-saturated, net "uBplialt-Baturated felt” | 

coal-tar-saturated, are " coal-tar-saturated felt ’’ | 

microscopic exanunatioiuif, 508 

rag, nee "rag felt” 

roofing, nee " roofing felt ” 

slaters', nee "sluters' felt” 

tarred, nee "tarred felt" 

Felted fabric, 380 
Fibre str-ss, 554 
Fibres m felt: 508 
Fibrous matter, 452, 504 
Fibrous peat, 1118 
!• ibroiis wax, 70 
Ficlitelite, 5!», 

Fillers. 346, 3113, 402, 452, 403,539: 
asphaltic, nee "asphaltic fillers” 
bituminous, nee " bituminous fillers" 
examination of, 541,571 
incorporation of, 350 
joint, see "joint fillers” 
mineral, nee " mineral fillers" 
pitch, nee "pitch fillers' 

Filters, 174,180 
Fish oil, 403, 478 
Fixed carbon, 481,520 
Flash-point,404, 481.517- 
Cleveland open tester, 519 
Klimt closed tester, 519 
N Y State closed tester, 519 
Pcnsky-Murtens closed tester, 517 
Mask method of distillation, me "distillation 
test" 

Flavius Josephus, on asphalt, 11 
Float test, 493 

Flooring fabrics, nee "bitiinunized floor cover¬ 
ings" 420- 
test mg of, 500 
Floor oil, 208 

Floors, asphalt mastic, nee "asphalt mastic" 
Flotation oils, 189, 455 
Flotation process, 455 
Flowing temperature. 441, SlOu 
Flow point me "flowing temperature" 

Flux, 208, 285,343 
Pittsburgh, nee "Pittsburgh flux" 

Ventura, nee “Ventura flux” 

Fluxing, 339, 343 

Fluxing oil, 274 

Flux oil, 268, 282 

Foot paths, see "asphalt inastie" 

Foot pavements, see "asphalt mastic” 

Foots oil. 278, 279, 308 
Forrest's hot extraction method. 557 
F'cssil resins, 56, 463, 475,551, 572 
Foundation course of: 

BBphalt block pavements, 373 
bituminous concrete, 362 


Foundation course of— Continued: 
bituminous macadam, 360 
sheet asphalt pavements, 367 
wood-block pavements, 378 
Fractional cooling, nee "Feld system” 

Fractional distillation, 270 

F'racture, 481, 485 

F’rance, asphalts in, see "asphalt" 

F ree acidB, 543 

F'ree carbon, 342, 481, 534, 575 

Free mineral matter, me "mineral matter" 

Fuel lignite, 204 

Fuel oiI,267,277, 278, 279, 280, 281, 283, 454, 464 
Fuel ratio, 60 

F'uels, bituminous, nee “bituminous fuels" 

Fullers’earth, 278, 281. 308, 393 
F'ullers' grease, 329 
F'ullers'-greasc piteh, 317,329 
Fusing-pomt, 481,510 
ball and ring method, 513 
cube method, 515 
Krainer-Surnow method, 510 

G 

Gnl^-iii, ozokerite in, me "ozokerite" 

Garbage grease, rehiuug of, 328 
(laihuge piteh, 317, 328, 332, 335 
Gas 

lllau, nee " Blau gas" 

eoal, me “coal gas" 

illuminating, me “illuminating gaB” 

n arsli, nee "marsh gas" 

i ntinu). wv “natural gas" 

oil, me "oil gas" 

oil-water, net "oil-water gas" 

Pintsch, me "Pintseh gas” 
water, nee “water gas" 

Gas cnnl, 226 
Gas-engine ml, 268 
Gas Inpinr, 232 

Gas ml. 17.i, 211, 213, 223, 257, 258, 267, 277 
278, 219, 28(1, 281. 283. 464 
Gasoline, 267, 277, 278. 279, 280, 281, 283, 464 
G.d pio-Miie, 51 

Gas-vvmks coal tar, Hit., 227, 242.482 
(lassihcatimi of, 27 
coelhcient of expansion of, 244 
composition of, 211, 215, 253 
distillation ol, 246 
from horizontal idm ts. 242 
from mi lined retorts, 212 
from v crtical retorts, 242 
properties of, 243, 482 
recovery of, 230 
refining of, 245 
separation of, 230 
Mold of. 231 

Gas-works coal-tar pitch, 482- 
chaincteristics of, 253 
classification of, 27 
properties of, 252, 482 
Gas-works retort, 227: 
continuously operating, 229 
horizontal. 227, 229 
inclined, 227, 229 
vertical. 227, 229 
Geological formations, 46 

I Geology of- 

asphaltites, see "asphaltitea" 
asphalts, see "asphalts" 
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Geology of —Continued • 
bitumens, see "bitumens” 
coals, see "coals" 

mineral waxes, see "mineral waxes" 
non-asphaltic pyrobitumens, see "non-asphal- 
ticpyrobitumens" 
petroleum, see " petroleum" 
pyrobitumens, see " pyrobitumens " 
Geomyricite, 59 
Germany: ■ 

asphaltB in, see "asphalt ” 
pyrohituruinous shales m, see "pjrobitiinmious 
shales” 

Gilsouite, 127, 482: 
characteristics of, 128 
classification of, 2(5 
discovery of, 17 
"firsts,” 129 

for manufacturing paints, 129, 471, 478 
mining methods, 1.33 
mixtures with linseed oil, 471 
mixtures with residual oil, 129 
production in l' »S , (54 
"seconds,” 129 
"selects," 129 
Gilsomtcin 
Colorado, 127 
United States, 130 
1'tah, 0(5, 127, 130 
Glance coal, 59 
Glance pitch, 133, 482. 
characteristics of, 127, 1.33 
classification of, 2li 
for manufacturing varnishes, 1.35 
Glance pitch in 
Barbados, 134 
Colombia, 135 
Dead Sea, 135 
Mexico, 134 
South America, 135 
Syria, 135 
West Indies, 134 
Glvcomic, sti “glycerol" 

Glycerol, 481, 543, 649 
Goudron, 317 
Grahamite, 139, 482: 
characteristics of, 127, 135 
classification of, 29 
discovery of, 15 
distillation of, 221 
fluxing of, 349 

mixtures with residual oil, 141, 147 
production in l’ S , 94 
Grahamite in: 

Colorado, 143 
Cuba, 144 
Mexico, 144 
Oklahoma. 140 
Texas, 139 
Trinidad, 146 
United States, 137 
West Virginia, 137 

Granularmetric analysis, see "mineral matter" 
Gravitation, 51 

Gravity, see "specific gravity" 

Grease: 

bone, see "bone grease" 
carcass-rendering, see "carcass-rendering 
grease" 


Grease —Contt n ued • 
garbage, see "garbage grease" 
packing-house, *««- "packing-house grease" 
refuse, see "refuse grease" 
sewage, .«f "sewage grease" 
wool, see "wool grease" 
yellow, set "jellow grease" 

Greece, asphalt in, see "asphalt" 

"Greek fire," it) 

Green oil, 222 


Hair cracks, 580 
Hannibal on asphalt, 10 

Hardening, spontaneous, set "spontaneous hard¬ 
ening" 

Hardness scale, 495 
Hardness test. 481. 494 
Hnrd wax, 79 

Hardwood, distillation of, "dietillation" 

Hardwood tar, 191, 1*2 
eliHriu I eristics of, 191 
classification of, 27 
Hardwood-far pitch, 192, 482 
characteristics of, 192 
i lassification of, 27 
Hurt me, 59 
Hartite, 59 
Harvester oil, 298 
Hatelieltinc, su " hatchottito” 

Hate hettite, 15, 78 
Hutchettite in 
Ungland, 79 
Scotland, 79 
Head-light oil, 297 
H< *U, effect of, 52, 58 
Heating in flame, behavior on, 509 
Heat tests, 181,50*1, 555 
of hitiimiinzed fabrics, 593 
lleuvj acetone oils, IS9, 4 1 >5 
lleuv v oils 

from coal-tar, table facing 245 
from wood, 188 
Herodotus on m-phult. 8 
Higbei alcohols, 543, 519 
Hill peat, 197 
llippocrutCM on asphalt, 10 
Historical review, 1 
liofuiHiinitc, 59 
Homogeneity test, 181 , 4Hl 
Hoii/ontul retort. 171, 227 
Hubbard consistency tester, 492 
Hubbard pycnometer method, 489 
Hurdle scrubbers, 175 
Hutchison tar tester, 492 
Hydraulic mam, !74, 2.30, 2.31, 290 
Hydrocarbons, 28, 543, 548 
acetj Icnc series, 33 
aliphatic, see “open chain" 
aromatic, set "cyclic" 
licnxenes, 38 
cyclic, 30, 34 
cyclo-olefines. 37 
diacctylene series, 34 
diolefine series, 33 
naphthene series, 34 
olefine series, 32 
olefine-acetylene series, 33 
open chain, 29, 30 
paraffine series, 30 
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Hydrocarbons— Continued: 
polycyclic polymethylenes, 37 
polycyclic polynaphthenes, 38 
ring, 30, 34 
terpen ea, 37 

Hydrogen, 28, 45, 481, 530 
Hydrolene, 280 

Hydrolysis of oils and fats by: 
ferments, 324 
mixed process, 322 
sulpho-oornpounds, 322 
sulphuric acid, 321 
Twitchell's process, 323 
water, 318 

Hydrolysing fats and oils, 318 
Hydrometer method, 480 
Hydrostatic pressure, 51, 431 

I 

Ice-machine oil, 268 
Ichthyol, 121 

Identification of, gee “analysis of” 

Illuminating gas- 
discovery of, 13 
enriching of, 231, 258 
manufacture of, 227, 254 
yield of, 232, 258 
Illuminating oil: 
from lignite tar, 213 
from petroleum, tee "kerosene'’ 
from shale tar, 223 

Immersion test, see "absorption test” 

Impact test, 555 

Imports of asphalts into U. S., gee "asphalts” 
Impregnating compounds, gee " bituminous 
saturating compounds” 

Impsonite, 140, 156, 482: 
characteristics of, 149, 156 
classification of, 26 
metamorphosis of, 56 
Impsonite in: 

Arkansas, 157 
Nevada, 157 
Oklahoma, 157 
United .States, 157 
Inclined retort, 171, 227 
Indiana asphalts in, gee "asphalts" 

Individual shingles, see "shingles” 

Inorganio theories, see "theories" 

Insulating: 

compounds, see “electrical insulating com¬ 
pounds" 
fabrics, 380, 600 
japans, see "japans" 
papers, 433, 438, 500 
tape, see “electrical insulating tape” 
Insulation: 

cold, see "insulating papers" 
cold-storage, see "insulating papers” 
electrical, see "electrical insulating com¬ 
pounds” 

heat, see "insulating papers" 

Integral waterproofing: 
compounds, 457 
method, 434, 457 
Intermediate course, 368 
Intermediate oil, 223, 267 
Intermittent distillation processes, 210, 222, 247, 
270, 319 


Ionite, 59 
Iron pitch, 115 

Italy, asphalt in, see “asphalt” 

J 

Japan, asphalts in, see "asphalt” 

Japans, see "bituminous japans” 

Jelly, petroleum, see "petroleum jelly” 

Jet, 60 

Joadja shale, 104 
Joint filler, 382 

Joints, see "bituminous expansion joints”: 

preformed, see "preformed joints" 
Junction-box compound, 450 

K 

Kabaite, 79 

Kapak,313 

Kaumazite, 203 

Kauri gum, 452, 463, 573 

Kauri varnish, 573 

Kentucky, asphalts in, see "asphalt" 

Kerosene, 207, 277, 278, 279, 280, 281, 282, 283, 
303, 404, 466 
Kerosene shales, 164 
Kettles, see "melting tanks" 

Kettle, varnish, see "varnish kettle" 

Killed foots, 320 
Kimmendge shales, 103, 221 
Kmdebal, 77 

Kirschbraun adhesive test, see "adhesive test" 
Koflachite, 59 
Kontakt, 323 
Korite, 289 

Kramer-Harnow method for fusing-point, see 
"fusing-point" 

L 

LaRrea asphalt, 89 
Lactones, 330, 331, 543 
Lactono value, 543 
Lake Asplmltitos, II, 12 
Lakes, 48 

Lake, Trinidad, see "Trinidad Lake asphalt” 
Laminated roofings, see "roofings laminated" 
Lamp oil, 267 

Land asphalt, see "Trinidad land asphalt" 

Lard oil, 463 

Laying roofings, sec "roofings” 

Laying shingles, see "shingles" 

Lep, 77 

Leather, bituminated, see “bituminated leather 
mixtures” 

Leucopetrin, 59 
Lcucopctrite, 59 
Libollite, 156 

Libermann-Storch reaction, 481,551 
Light acetone oils, 189, 465 
Light oil: 

from coal tar, table facing 245, 240, 248 
from wood, 188 
Light petroleum, 267 
Lignite, 59, 61, 204: 
bituminous, see "bituminous lignite” 
briquetting of, 205, 209 
classification of, 26 
distillation of, 211 
fuel, see "fuel lignite" 
metamorphosis of, 58 59 
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lignite— Continued: 

non-bituminous, see "non-bituminoua lignite" 
properties of, 482 
retort, tee "retort lignite" 
volatile matter in, 168 
Lignite ilialee, 58, 159 
Lignite tar, 166, 203. 
clarification, of, 27 
composition of, 41 
discovery of, 14 
properties of, 209, 482 
refiuing of, 210 
Ligmte-tar pitch, 203, 341: 

Characteristics of, 214, 550 , 

clarification of, 27 
properties of, 215, 482 
weather-resistance of, 341 
Lignitic shales, 20, 159, 161, 164 
Ligroin, 267 

Limeatone, asphaltic, see "asphaltic luncsto..e” 
Liminer asphalt, 13, 119 
Linseed, oil, 463, 471. 475, 178 
Liquid paraffine, 269 

Livingaton process for refining petroleum, 274 

Lobsann asphalt. 118 

Lothian shale, 163, 221 

Louisiana, asphalt in, ace "asphalt” 

Lubricating oil: 
from lignite-tar, 211 
from peat-tar, 201 

from petroleum, 268, 277, 278, 270, 280, 281, 
283,303 

from shale tar, 223 
Lustre, 481, 485 

M 

Macadam, see "bituminous macadam" 

Machine oil, 268 

Magma oil, 329 

Maltha, 25 

Malthenes, 527 

Manila copal, 452, 463 

Manjak, 63. 134, 146 

Manufactured products, totting of, 552 

Maracaibo asphalt, 89 

Marble wax, 76 

Marco Polo on asphalt, 12 

Marcus Vitruviua on aaphalt, 11 

Marsh gas, 31, 53 

Masonry paints, 469 

Mastic, asphalt, «e< "asphalt mastic" 

Matka, 77 

Mechanical analysis of aggregates, me "mineral 

aggregate” 

Mechanical scrubbers, 174,177 
Melauchyme, 59 
Mellite, 59 

Melting, behavior on, 509 
Melting point, 510 
tee also "fuaing-point" 

Melting tanks, 69 

Membrane waterproofing, 428, 434, 560 
Mesopotamia, asphalts m, tee "asphalt" 
Metamorphosis of. 

anthracite coal, tee "anthracite coal" 
asphalt, tee "aaphalt" 

asphaltic pyrobitumen, tee "asphaltic pyro- 
bitumen" 

•apbalticpyrobituminous shales, tee "asphaltic 
pyrobituminous shales" 


Metamorphosis of— Continued: 
asphaltites, tee "asphaltitee" 
bituminouacoal, tee "bituminouscoal" 

. bitumens, tee "bitumens" 

. coal shales, trr "coal shales” 
elatentc. «c"elaterite" 
uii|*onite, tee "iinpaoiutc" 
lignite, see "lignite" 
lignite shales, trr " lignite shales " 
mineral waxes, *»r " mineral waxes" 
peat, trr" peat" 

oaokerite, trr "oaokeyite" . 

wurtulite, trr " wurtxilite" * 

Methods of examination, tee "analjsis" 

Mexico 

asphalt in, trr “asphalt" 
glance pitch in, trr "glance pitch w 
grahamite in, trr "grahamitn" 

Microscopic examination of 
bituminous substances, 484 
fibres, 568 
unnerHl matter, 539 
Middle oil, table facing 245, 246, 248 
Mnldletomte, 59 
Middlings, 267 

Mill, paint, mc "paint grinding null" 

Mineral aggregate 

Intotmmtod, tir "bituminiscd mineral aggre- • 
gate" 

examination of, 539, 559 
granularmetrie analysis of, 5.39, 559 
of anphult mastic, .377 
of bituminous concrete pavements, 362 
of bituminous macadam, 360 
of bituminous surfacing*, 358 
of sheet asphalt pavements, 36ft 
separation from bituminous mailer, 557 
Mineral eulca ml, 268 
Mineral fillers, .346. 39.3, 4344. 539 
Mineral matter, 481, 538: 
admixed, .39.3, 567 
chemical analysis of, 6-39 
combined with non-mineral conslitoenfs, 539 
granulnriiietnc analysis of, 539 , 559 
microscopic examination of. 539 
separation from bituminous matter, 567 
specific gravity of, «t " specific gravity" 
surfaeings of, ter "surfacing#" 
uneotnbuied, 539 
Mineral oil, to "petroteum" 

Mineral seal oil, 2 t'»H 

Mineral s|>erni oil, 268 

Mineral surfacing!*, trt "surfaeings" 

Mineral waxes, 74, .307, 340, 482: 
behavior oil heating, 58 
classification of, 26 
composition of, 32 
definition of, 23 
geology of, 46 

metamorphosis of, 65, 56, 67 
properties of, 22 
solubility of, 467 

Missouri, asphalts in, tee “asphalts" 

Mixed-base petroleum, tee "petroleum" 

Mixers, 350, 372 

Mixtures of bituminous sulistanres: 
binary, tee "binary mixtures" 
complex, trt "complex mixtures" 
tertiary, tee "tertiary mixtures" 

Mob’s hardness scale, 495 
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Moisturt, see "water" 

Moisture, effect on: 
bituminized fabrics, 438,' 563 
bituminized mineral aggregates, 552 
bituininized substances, 576 
Montan wax, 79, 101, 205, 207 
classification of, 20 
for electrical insulation, 81 
in Saxony, 80 
properties of, 840, 482 
weather-resistance of, 340 
Moulding cdtnpositions, 452 
Muckite, 59 
Mullen strength of: 
burlap or duck, 609 
felt, 390, 569 
paper, 436, 438 

Multiple shingle strip, see "shingle strip” 
Mummies, 5, 11, 12 

N 

Naphtha from: 

coal tar, table facing 246, 248, 465, 466 
lignite tar, 211, 213 
peat tar, 201 

petroleum, 267,277, 279,280,281,282,303, 161 
shale tar, 222,223, 

naphtha, solubility in 88° petroleum, w "solu¬ 
bility" 

Naphtha,solvent, wr "solvent naphtha” 
Naphtha, V. M A l*,«cc"V M A I* naphtha" 
Naphthalene, 10, 109, 227, 231, 215, 248, 481, 535 
Naphthenes, 34 
Native asphalts* 
behavior on heating, 58 
classification of, 26 
composition of, 43 

distinguishing from residual asphalts, 298, 515 
impure, 92 

metamorphosis of, 55, 57 
production in U H , <v4 
properties ol, 340, 482 
pure, 82 

weather-resistance of, 340 
Native mineral waxes, see “mineral waxes" 
Natural asphalts, set "native asphalts" 

Natural gas, 25, 31 
Nebuchadnezzar on asphalt, 7 
Needle penetrometer, see "penetrometer" 
Neft-gil, 59 

Neuehate! asphalt, 13, 14, 118 
Neudorfito, 59 
Natural fats, 544 
Neutral oil, 268 

Nevada, irnpsonite in ere "impsomte" 

New York, discovery of bituminous matter in, 
see "bituminous matter" 

New York State flash-point tester, set "flash¬ 
point " 

Nigeria, asphalts in, see "asphalts" 

Nigrite, 155 

Nitrogen, 42, 232, 481, 533 
Nitrogenous bodies, 42 
Nomenclature, see "terminology” 

Non-asphaltio petroleum, see "petroleum" 
Non-asphaltic pyrobitumens: 
classification of, 26 
composition of, 41, 43 
definition of, 24 
geology of, 46 


I Non-asphaltic pyrobitumens— Continued: 
heating of, 58 
metamorphosis of, 58 
origin of, 58 
properties of, 22 
veins of, 50 

Non-asphaltic p.vrobituminoua shales, 158, 159, 
482 

Non-bituminous lignite, 204 
Non-mineral matter insoluble in carbon disul¬ 
phide, 526 

North America, asphalt in, see "asphalt" 

" Number" of: 
burlap, 390 
duck, 390 
felt, 389, 569 
paper, 436 

O 

(tbispo, 289 

Odor on heating, 481, 509 
Oil or oils. 

acetone, see "uertone oils” 
animal, see "animal oils" 
bone, see “bone oil" 
creosote, see "creosote oil” 
degms, sir "degras oil" 

Dippel, see “ Dippel oil" 

dust-laying, see "bituminous dust-laying oils” 

export, sec “export oil" 

flotation, see "flotation oils” 

gas, sie "gas oil" 

illuminating, see "illuminating oil" 
magma, see "magma oil" 
palm, see "palm oil" 
pine, see "pine oil” 
residual, see "residual oils” 
rosin, see "rosin ml” 
seek, see "seek ml" 
shale, sec "shale tar" 
vegetable, sie "vegetable mis” 
wool, see "wool ml” 

1 Oil-bearing shales, see “shales" 

Oil-forming shales, see "shales” 

Oil gas, 259 

Oil-gas tar, 166, 173, 259: 
classification of, 27 
distinguishing from coal tar, 262 
properties of, 202, 482 
refining of, 263 
Oil-gas-tar pitch, 263: 
classification of, 27 

distinguishing from coal-tar pitch, 264 
properties of, 263, 311, 482, 
weather-resistance of, 341 
Ollltc, 102 

"Oil shales," 151, 158 
see also "pyrobitummous shales” 

Oil-water gas, 260 
Oily constituents, 547 
Oklahoma: 

asphalts in, see "asphalt" 
grahamite in, see "grahamite" 
irnpsonite, in, see “impeonite" 

Oklahoma asphalts: 

blown, see "blown Oklahoma asphalts" 
extraction of, see "extraction with water” 
for paving purposes, sec "paving” 
Olcfinaectyleucs, 33 
Olefines, 32 
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Oleo-resin, 193 
Once-run oil, 222 
Open binder, 368 

Open-chain hydrocarbons, see "hydrocarbons" 
Orchard heating oil, 280 
Orchard oil, 2(>8 
Orepuki shale, 164, 221 
Origin of the expression: 
asphalt, 1 
bitumen, t 

Ornamental roofings, nee "roofings" 

Osborne adhesive test, see "adhesive test" 

Oven for volatility test, 517 
Oxidation of bituminous materials, 575 
Oxidized asphalt, sec "blown petroleum asphalt" 
Oxidized coal tar, 17, 255, 287 
Oxidized petroleum asphalt, see " blown petroleum 
asphalt" 

Oxygen, 41, 481, 531 
Oxygenated bodies, 41 

Oxygenated asphalt, see "blown petroleum as¬ 
phalt" 

Ozokerite, 32,74* 
elassifieation of, 26 
discovery of, 15 
distillation of, 75 
extraction with water, 72, 75 
metamorphosis of, 56 
properties of, 75, 77, 340, 482 
weather-resistance of, 340 
Ozokerite in: 

Galicia, 76 
Rumania, 77 
Russia, 77 
Texas, 78 
United States, 77 
Utah, 66, 77 

P 

Packages, roofing see "roofing packages" 
Packing-house gieasc, 327 
Parking-house pitch, 317, 332, 335 
Paints 

air-dr>mg, see “air-drying paints" 
analysis of, see "analysis" 
analysis of dried films, see "analysis" 
bituminous, see "bituminous paints" 
damp-proofing, ste "damp-proofing paint" 
for masonry, 469 
for metal, 472 
for roofings, 470 
for wood, 472 
grinding, mill for, 469 
use by Romans, 12 
use of gil8onile in, see "gilsonite" 
use of shale-tar pitch in, 224 
weathering of, see “weathering tests" 
Palliatives, dust, see "dust palliatives" 

Palm oil, 319, 320 
Palm-oil pitch, 317, 332, 335 
Paper or papers, 436* 

electrical insulating, see "electrical insulation" 
insulating, see “insulating papers" 
sheathing, see "sheathing papers" 
Paraffinaceous mass, 211, 212, 307 
Paraffinaceous petroleum, see “non-asphaltio 
petroleum" 

Paraffine, see "paraffine wax " 

Paraffine distillate, 280, 282 


Paraffine flux, 268 

Paraffine, liquid, see "liquid paraffine" 

Paraffine oil, 211, 213| 214, 268 
Paraffines, see "hydrocarbons" 

Paraffine, solid, see "solid paraffines" 

Paraffine scale, 268 
Paraffine wax. 
classification of, 27 
composition of, 32 
discovery of, 15 

from lignite tar, 208, 210, 211, 214, 307 
from peat tar, 201, 307 * 

from petroleum, 208, 278, 279, 281, 283, 307 
from shale tar, 223, 307 
origin of name, 15 
properties of, 309, 482 
weather-resistance of, 310, 340 
Parol ite, 289 
Parrot coal, 160 
Partial combustion, 165, 172 
Particles, size of, 363, 369, 399, 540 
Pavements, 352 

asphalt block, see "asphalt block pavements" 
asphalt mastic, see. "asphalt-mastic foot pave¬ 
ments” 

bituminous concrete, see " bituminous concrete 
pavements" 

first asphalt block, 7 9 

hrst use in London, 15 
first use in Paris, 16 
first use in United States, 16, 17 
sheet asphalt, see "sheet asphalt pavements" 
stone-filled sheet asphalt, see "stom-hlled sheet 
asphalt" 

wood-block, see "wood-block pavements" 
Paving blocks, see "asphalt block pavements" 
Paving materials, bituminous, see "bituminous 
paving materials” 

Peat, 59,61, 197* 
bottom, see " bottom peat” 
briquetting of, 199 
classification of, 26 
dehydrating of, 199 
distillation of, 200 
earthy, set "earthy peat” 
fibrous, see "fibrous peat” 
metamorphosis of, 58, 59 
pi tell V, see "pitchy peat" 
properties of, 482 
turfy, see "turfy peat” 
volatile matter in, 168 
Peat tar, 27, 166, 197, 202, 482 
Peat-tar pitch, 27, 197, 201, 203, 341, 482 
Penetration test, 495 
Penetrometer, 495 

Pensky-Martens closed flash-point tester, see 
* flash-point" 

Perilla oil, 463 

Persia, asphalt in, see "asphalt" 

Persians, use of asphalt, by 4 
Petrol, 267 
Petrolatum, 269, 437 
Pctrolenes. 527 
Petroleum 

asphaltic, 26,'37, 265 

brightening of distillates, see "brightening" 
classification of, 26 
composition of, 32, 218, 42, 43 
continuous distillation of, 273, 274 
cracking of, 272 



602 


SUBJECT INDEX 


Petroleum— Continued: 
definition of, 23 
dehydration of, 209, 270 
destructive distillation of, 272 
dry distillation of, 272, 279, 282 
fractional distillation of, 272 
geology of, 40 
heating of, . r >8 

heating under preseure, 209 
intermittent distillation, 270 
mixcd-bqso, 20, 37, 58, 205 
non-asphaltic, 20, 32, 58, 205 
paraffinaceous, see “non-asphaltic” 
products obtained from, 200 
properties of, 22, 340, 482 
refining of, 270 
settling of, 209 

steam-distillation of asphaltic, 272, 277, 278 
steam-distillation of mixed-base, 278, 280 v 
steam-distillation of non-asplialtie, 278, 280 
steaming of distillates, see “steaihing” 
straight-distillation of, 272 
topping process of refining, see " topping proc¬ 
ess" 

tower system of distilling, 273 
varieties of, 205 
« weather-resistance of, 340 
Petroleum asphalts, 205- 
blown, see “blown petroleum asphalt” 
composition of, 32 
production of in U H , 04 
refineries in U. H. producing, 200 
Petroleum distillates, 207 
Petroleum ether, 207 
Petroleum jelly, 209 
Petroleum residues, 208: 

composition of, 41 
Petroleum solvents, 404 
Petroleum spirits, 207, 404 
Petroleum springs, 48 
Petroleum tailingB, 208 
Phenols, 41, 201, 214, 222, 220, 245, 248, 550 
Philippines, asphalt in, see “asphalt” 

Physical characteristics of bituminous materials, 
480 

Physical tests of bituminizcd fabrics, 500 
Phytocollite, 59 
Phytosteryl, 549 
Pianzite, 59 

Pigments, 393, 453, 403, 477, 539, 571 

Pine oil, 190, 405 

Pine tar, 27, 190, 191, 482 

Pine-tar pitch, 192, 482 

Pinoline, 194 

Pintsch gas, 259 

Pipe-dips, 224, 445 

Pipe-sealing compounds, 445, 447 

PissaBphaltum, 11 

Pitch: 

blast-furnace coal-tar, see “blast-furnace-coal¬ 
tar pitch” 

bone-fat, see "bone-fat pitch” 
bone-tar, see “bone-tar pitch” 

Burgundy, see. "Burgundy pitch" 
cable, see “cable pitch” 
candle, see “candle pitch” 
cheese, see "cheese pitch” 
cholesterol, see “cholesterol pitch” 
classification of, 27 
coking, see “coking pitch” 


Pitch— Continued: 

coke-oven coal-tar, see "coke-oven coal-tar 
pitch” 

composition of, 41, 42, 43, 44 
corn-oil, see "corn-oil pitch” 
corn-oil-foots, sec “corn-oil-foots pitch” 
cotton, see "cotton pitch” 
cotton-oil, see "cotton-oil pitch” 
cotton-seed-foots, see "cotton-sced-foots pitch” 
cotton-seed-oil, see " cotton-seed-oil pitch ” 
cotton-stearin, see "cotton-stearin pitch” 
definition of, 24 
fat, see "fat pitch” 
fatty-acid, see "fatty-acid pitch” 
fuller’s-grcase, see “ fuller’s-grease pitch” 
garbage, see "garbage pitch" 
gas-works coal-tar, see "gas-works coal-tar 
pitch” 

glance, see "glance pitch” 
hardwood-tar, see "hardwood-tar pitch” 
iron, see "iron pitch” 
lignite-tar, see “lignite-tar pitch” 
oil-gas-tar, see “nil-gas-tar pitch” 
packing-house, see "packing-house pitch” 
palm-oil, see “palm-ml pitch" 
pcat-tar, see "peat-tar pitch" 
pine-tur, see "pme-tar pitch” 
producer-gas eoal-tur, see "producer-gas coal- 
tar pitch" 
properties of, 22 
rosin, see "rosin pitch” 
scck-oil, see "scck-oil pitch" 
sewage, see "sewage pitch" 
shalc-tar, see "shale tar pitch” 
stearin, ste "stearin pitch” 
stearin-wool, see "stearin-wool pitch” 

Vosges, set "Vosges pitch” 
water-gas-tnr, see " water-gas-tar pitch” 
wood-tar, see "wood-tar pitch” 
wool, ste “ wool pitch” 
wool-fat, see "wool-fat pitch” 
wool-grease, sec "wool-grease pitch” 
wurtzilite, see "wurtzilite pitch" 

Pitch coal, 59, 85 
Pitch fillers, 382 

Pitch Lake, see "Trinidad Lake" 

Pitch still, 320 
Pitchy peat, 198 
Pittsburgh flux, 269, 295 
Plastic compositions, 251, 442, 473 
Pliability of roofing, 560, 580 
Pliability test, 444, 560 
Pliny the Klder on asphalts, 12 
Plutarch on asphalts, 11 
Polycyclic, see "hydrocarbons” 

Polymerization of bituminous substances, 56, 576 

Pontianak copal, 463 

Poole, subterranean, 48 

Portugal, asphalt in, see "asphalt" 

Pot-head compound, 450 
Power distillate, 268 

Precipitators, electrical, see "electrical precipi¬ 
tator” 

Preformed joints, 453 
Preformed washers, 453 
Premouldcd strips, 383 
Prepared roofings, see "roofings” 

Preservatives: 

creosote, see "creosote preservatives” 
wood, »e* "wood preservatives” _j 
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Pressed oil, 307 

Preventative, dust, see “dust preventative” 
Primary condensers, 230 
Primary deposit, 50 
Producer: 

Fairbanks-Morse, 241 
Korting, 201 
Loomis-Pettibone, 241 
Mond, 242 
types of, 239 
Westinghouse, 242 
Producer gas, 172, 209 

Producer-gas coal tar, 27, 106, 239, 242, 243, 
482 

Producer-gas coal-tar pitch, 27, 252, 482 
Production of: 
asphalt, see "asphalt” 

asphaltic pyrobitumcus, see "asphaltic pyro- 
bitumens" 

asphaltites, see " asphaltites ” 
clatcrite, see "elateritc" 
gilsonitc, ace "gilsonite" 
grahamaitc, see grahamitc" 

Purifiers, 231 

Pycnometer method for specific-gravity, 488 
Pyridine, 42, 200, 22G, 23G, 245 
Pyrobitumen: 

asphaltic, see "asphalt.c pyrobitumens” 

associated minerals, 47 

classification of, 2G 

composition of, 42, 4.1 

definition of, 21 

geology of, 4G 

non-asphaltic, see "non-asphaltic pyrobitumen” 
occurrence of, 47 
origin of, 4G 
properties of, 21 

Pyrobituminous shales, 155, 158 
Pyrobitumiiious shales in. 

Australia, 1G4 
Austria, 1G4 
Brazil, 1G3 
California, 161 
Canada, 1G2 
Colorado, 1G1, 221 
Kngland, 163 
Germany, 1G4 
Kentucky, 101 
Missouri, lfil 
Montana, 161 
Nevada, 101 
Scotland, 1G3 
Spam, 164 

United States, 161, 221 
Utah, 161, 221 
Virginia, 161 
Wyoming, 161, 221 
Pyrogenous, definition of, 21 
Pyrogenous asphalts, 27, 340 
Pyrogenous distillates, 27. 340 
Pyrogenous residues, 27, 340 
Pyrogenous waxes- 
classification of, 27 
properties of, 340 
Pyropissite, 73, 79, 160, 205, 221: 

in Saxony, 79, 205 
Pyropissitic shales, 164 
Pyroretin, 59 

Q 

Quinoline, 42, 220, 236, 245 


r’ 

Hag felt, 389 

Hagu8a asphalt, 123 

Rain scrubbers, 175 

Raleigh, Sir Walter, on asphalt, 12 

Ready roofings, see “roofings" 

Red oil, 211, 212 

Rcfikite, 59 

Refined coal tar, 251 

Refined cylinder oil, 281 

Refined paraffine wax, 268, 309 • 

Refined scale wax, 309 
Refined tar, table facing 245 
Refined wax, 281 
Refining of: 

bone grease, sec "bone grease" 
carcass-rendering grease, see "carcass-render¬ 
ing grease” 

‘coal tar, see "coal tar" 
corn oil, see "corn oil" 
cottonseed oil, see "cottonseed oil" 
fats and oils, sec "fats and oils" 
garbage grease, see "garbage greaso” 
lignite tar, see "lignite tar” 
packing-house grease, sec "packing-housa 
grease" 

petroleum, see "petroleum” 
refuse greases, see "refuse greases" 
sewage grease, see "sewage grease” 
shale tar, see "shale tar" 
vegetable oils, see "vegetable oils” 
water-gas tar, see "water-gas tar" 
woolen-mill waste, see "woolen-mill waste” 
Refractive index, 537 
Refuse greases, refining of, 327 
Reservoirs, subterranenn, 48 
Residual asphalt, 268, 2^7, 278, 280, 295: 
California grades, 299 
carelessly prepared, 290 
( Ihbsi heat ion of, 27 
composition of, 43 
distinguishing characteristics, 297 
differentiating from native asphalts, 208, 545 
from asphaltic petroleum, 301 
from mixed-base jwtroleum, 3(H) 
properties of, 297, 341, 482 
weather resistance of, 302, 341 
Residual oil, 268, 274, 277, 282, 283: 
classification of, 27 
composition of, 43 
from asphaltic petroleum, 283, 286 
from mixed-base petroleum, 284, 286 
from non-asphaltic petroleum, 284, 286 
mixtures with gilsonite, 129 
mixtures with gralmnuto, 141,147, 546 
properties of, 285, 340, 482 
weather-resistance of, 285, 340 
Residual pitch, see "residual asphalt” 

Residue, sulphonation, see "sulphonation 
residue” 

Residues, petroleum, see "petroleum residues” 
Residues, pyrogenous, see "pyrogenous residues” 
Residuum, 279, 282, 283 
Resin acids, 41, 543 , 544 
Resins, 452, 463, 573: 
asphaltic, see "asphaltic resins" 
fossil, see "fossil resins” 

Retinasphaltum, 59 
Retinite, 59 
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Retort: 

construction of, 170 
Del Monte, 219 

goa-works, see "gaB-works retort" 

Henderson, 219 

horizontal, see "horizontal retort” 
inclin'd, tee "inclined retort” 

Pumpherton, 217 
Rolle, 200 
rosin, 193 

shale, 216 

vertical, see "vertical retort" 

Young & Fyfe, 218 
Retort lignite, 204 

Retort method of distillation, tec "distillation 
test” 

Retort tar, 188 

Rhigolcne, 267, 404 

Rhodesia, asphalt in, see "asphalt" 

Road binders, 251, 208 

Road oil, 268, 274, 280, 283, 285 

Rochlederitc, 59 

Rock asphalt, 16, ?3, 26, 95, 99 

Rocks, impregnated, 48 

Roll roofing, see “roofing” 

Romans, use of asphalt paints by, 12 
Roofing or roofings, 386: 
analysis of, 504 
built-up, 419 
color of, 580 
discovery of, 14 
fastening devices for, 415 
laminated, 408 
laying, 418 

multiple-layered, see “laminated” 
ornamental, 410 

pliability of, sec “pliability test” 
production of, 425 
single-layered, 398 

tensile-strength of, see " tensile strength” 
testing of, 500 
types of, 500 
weathering tests of, 57? 

Roofing cleats, 410 
Roofing fabrics, 380 
Roofing felt, 387 
Roofing packages, 417 
Roofing shingles, see "shingles" 

Rosin, 193, 341, 452, 403, 551, 573 

Rosin esters, 403, 475 

Rosin oils, 190, 194, 465, 551 . 

Rosin pitch, 27, 193, 195, 341, 482 
Rosin spirits, 190, 194, 195, 405 
Rosin varnish, 573 
Rubber, 448, 452 

Rubber substitutes, see “bituminous rubber sub¬ 
stitutes" 

Rumania, ozokerite in, sec "ozokerite" 

Russia: 

asphalt in, tee "asphalt" 
ozokerite in, see "ozokerite" 

S 

Sand, 363, 401, 540 
Snndarac, 463 

Haponifiable constituents, 481, 542 
Saponifiable matter, 542, 547 
Saponification olein, 320 
Saponification stearin, 320 
Saponification value, 544 


Sarco, 289 

Saturated hydrocarbons, 30, 481, 537 
Saturating compositions, see "bituminous satu¬ 
rating compositions" 

Saturator, 404: 

asphalt, see "asphalt Baturator" 
tar, *ee "tar saturator” 

Saxony: 

montan wax in, see "montan wax" 
pyropissite hi, see " pyropissite" 

Scale wax, 268, 278, 279, 309: 
refined, see "refined scale wax" 
yellow crude, see "yellow crude scale wax” 
Schcererite, 15, 79: 

in Switzerland, 79 
Schlcretmite, 59 
Schutte consistency tester, 494 
Scotland: 

hatchettite in, see “hatchettitc" 
pyrobituminous shales in, see "pyrobituminous 
shales" 

Scrubbers: 

baffle, see "baffle scrubbers” 
centrifugal, see "centrifugal scrubbers” 
hurdle, see "hurdle scrubbers" 
mechanical, see " mechanical scrubbers” 
ram, see "rain scrubbers” 
static, see "static scrubbers" 

Seal-coat, 269, 357, 367 
Secondary condenser, 231 
Secondary deposit, 50 
Seconds, gilsomte, see “gilsonite” 

Sedimentation, 70 
Seek oil, 329 
Seek-oil pitch, 329 
Seepages, 48 

"Selects,” gilsonite, see "gilsonite” 
Semi-bituminous coal, 60 
Semi-pyrobituniens, 161 
Scmi-pyrobitununous shales, 161 
Settling tanks, 181 
Sewage grease, refining u, 328 
Sewage pitch, 317, 332 
Sewage sludge, 328 
Seyssel asphalt, 13, 15, 116 
Shale, see "pyrobituminous shale"’ 

Shale oil, see "shale tar” 

Shales: 

Albert, see "Albert shales" 
albertite, see "alhertite shales" 

Arcadian, s<e " \rcadian shales" 
asphalt-bearing, 158 
asphaltic, see "asphaltic shales” 
asphaltic pyrobituminous, m "asphaltic pyro¬ 
bituminous slmlea " 

bituminous coal, see "bitun inouscocl shales" 

cannel coal, see "cannel-coalshales" 

coal, see "coal shales" 

coorongitic, see "coorongitic shales" 

distillation of, 216 

joadja, see "joadja shales" 

kerosene, see "kerosene shales" 

Kimmcridge, see " Kimmcridgc shales” 
lignite, see "lignite shales" 
lignitic, see "lignitic shales" 

Lothian, see "Lothian shales” 
non-asphaltic, see "non-asphallic pyrobitumi- 
nou8 shales" 
oil,see "oil shales” 
oil-bearing, 158 
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Shales—Continued: 
oil-forming, 158 
Orepuki, see "Orepuki shales” 
pyrobitummous, see "pyrobitununous shales” 
pyropissitic, see "pyropissitic shales” 
semi-pyrobituminous, ste "semi-pyrobitumi- 
nous shales" 

stellnrite, sir " stellarite shales" 
wurtzilitc, see "wurtzilitc shales” 

Shale tar, ltiti, 216, 220; 
classification of, 27 
discovery of, 13 
properties of, 221, 482 
refining of, 222 
Shale-tar pitch, 216: 
classification of, 27 
discovery of, 13 
properties of, 221 
Shea butter, 319, 320 
Sheathing fabrics, 3X0 
Sheathing papcis, 433, 560 
Sheet asphalt pa\emente, 367 
Sheet roofings, «c "roofings” 

Sherwood oil, 2t>7 
Shingles 
individual, 412 
laying, 41 s 
prepared-roofing, 412 
strip, 414 
wide-spaced, 114 
Shoe fillets, 451 

Sicily, asphalt in, see "asphalt” 

Sieburgite, 59 

Sieves, 540, 559 

Signal oil, 267 

Sitosteryl, 549 

Slack wax, 27S, 279, 307 

Slag, examination of broken, 540 

Slaters’ felt, 397 

“Shine," 6, 13 

Sludge, 27X, 279, 374 

sewage, wv "sewage sludge" 

Sludge asphalt, 209, 27\ 279, 30.1 
classification of, 27 
composition of, 13 
distinguishing charactcnslics of, 305 
properties of, .104, 311, 4X2 
weather-resistance of, 306 , 341 
Smudge oil, 26X, 2X0 
Soap stock, 318 
S O binder, 2.X9 
Softening point, 556 
Solid paratfincs, 31, 32, 481, 536 
Solubility in 

acetone, 193, 528 
benzol, 57, 79, 52X 
benzol and toluol, 328, 531 
carbon disulphide, 524 
carbon tetrachloride, 520 
petroleum naphtha (XX° Ilf- ), 527 
various solvents, 52X 
Solubility test, 481, 524 
Solvent naphtha, table facing 240, 2IX, 105 
Solvents, 404- 
chemical, 400 
coal-tar, 15, 404 
evaporation of, 400 
examination of, 570 
flash-point of, 404, 405, 460 
from wood, 405 


Solvents— Continued: 

petroleum, sec "petroleum solvents" 

Sommer hydrometer, 4X9 
South America: 
asphalt in, see "asphalt" 
glance pitch in, sir "glance pitch" 

Soya-bean oil, 463, 47X 
Spain, asphalt in, sie "asphalt " 

py rohitununous shales in, mi "pvrohituminous 
shales" 

S| eciticatioiia for. 

asphalt for waterproofing, 413 • 

asphalt mastic floors, 375 
asphalt-saturated felt, 129 
bitulithic pavements, .c* "lutulithic specifica¬ 
tions" 

bituminous expansion joints, 3X1 

bituminous varnishes, 170 

coal-tai pitch for waterproofing, 112 

coal-tai saturated felt, 429 

creosote pruning eoat, 430 

creosote preservative for wood blocks, 379 

insulating tape, 110 

rooting lelt, 390 

roofings, 121 

Topeka pavements, we "Topeka specifications” 
wooden pu\ mg blocks, 37X 
Specific giavilv test, |X1, 1X6,541. 
for bituminous niuttei, lxt> 
tor mt 'oral aggregates, 511 
Spindle oil, 26X 

Spirits,petioleum, w< "petroleumspoils” 

Spirits, rosin, see "msin spmts" 

Spontaneous hardening, 576 

Springs, X, IX 

Static scrubbers, 171, 175 

Steam distillation, 210, 222, 216, 272, 319 

Steaming of petioleum pioduets, 278 

Stem in, degias, w< “dcgias stuirm” 

Stearin pitch, 317 
Stealm-vvool pit* h, 317 
SteJIailte, 155, 221 
Sjcll.’ihte ‘•bales, 162 
SiiIIh (oi 
coal-tar, 247 
fat tv a< ids, 319 
lignite, 211 
petioleum, 270 
rosin, 193 
shale tar, 222 
wurtzihte, 313 
Still grease, 223 
Still wax, 310 

Stock, candle, see "candle stock” 

Stoik, soap, see "soap stock" 

Stockholm tar, 190 

Stone, examination of broken, 510. 

wax, see "wax-stone" 

Stone-filled sheet-asphalt pavement, 362 

Stove oil, 267 

Strabo on asphalt, 11 

Sfiaight-mri asphalt, 277 

Sit algid-run coal-tar pitch, 251 

Straw ml, 268 

Streak on porcelain, 4X1, 1X5 
Strength 

compressive, wr "< ornpresmve strength” 
Mullen, Hie " Mullen strength" 
of burlap or duck, 569 
of felt, 390, 569 
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Strength— Continued: 
of paper, 436, 438 
of roofing, 562 

tensile, see "tensile strength" 
transverse, see "transverse strength” 

Strength factor, 390, 430, 509 
Strips: 

premoulded, see "premoulded strips” 
shingle, see "shingle strips" 

8 ubcannel coal, 00 

Substitutes, rubber, see "bituminous rubber sub¬ 
stitutes”. 

Suction producer, 240 
Sulphonation residue, 21, 481, 537 
Sulphur, 43, 481, 532 
Sulphurated bodies, 42 
Sulphurized asphalt, 269, 294 
Sumerians, use of asphalt by, 1 
Surface aged indoors, 481, 485 
Surface course, 301, 308, 372 
Surface mixtures, 357, 301, 366, 308 
Surfacings: 

bituminous, sec "bituminous surfacings” 
of mineral matter, 394, 569, 578 
of vegetable matter, 395 
Susceptibility factor, 481, 501 
Sweater, 307 

treating process, 278, 307 
Switzerland: 
asphalt in, see "asphalt" 
schcererite, in, see "scheererite" 

Syria: 

asphalt in, see "asphalt” 
glance pitch in, see "glance pitch" 

T 

Tabbyite, 83 

Tacitus on asphalt, 11 

Tailings, wax, see "wax tailings” 

Tallow, 319, 320 

Tape, sec "electrical insulating tape" 

Tar. 

boiled, see "boiled tin " 

blast-furnace, st c "blast-furnace coal tar” 

bone, see "bone tai ” 

browncoal, see "lignite tar" 

candle, see "candle tar” 

classification of, 27 

coal, ste "coal tar" 

coke-oven, see "coke-oven coal tar" 

composition of, 41, 42, 43, 14 

definition of, 24 

dehydration, of, 180 

distillation of, see "distillation" 

effect of temperature on, 108 

gas-works, see “gas-works coul tar" 

hardwood, see "hardwood tar" 

heating of, 181, 182 

lignite, see “lignite tar” 

oil-gas, see "oil-gas tar" 

oxidized, see "oxidized coal tar" 

peat, see "peat tar" 

pine, see "pine tar" 

producer-gas, see "producer-gas coal tar" 

production of, 105 

properties of, 22, 340, 482 

retort, see "retort tar" 

separation of, 174 

shale, see "shale tar” 


Tar— Continued: 

Stockholm, see "Stockholm tar" 
water-gas, see “water-gas tar" 
weather-resistance of, 340 
wood, see "wood tar” 

Tar acids, 244, 245, 536 
Tar extractors, 180, 230, 231 
Tar filter, 180 
Tar fog, 171 
Tarred felt, 397, 429 
Tar saturator, 396 
Tar tester, 492 
Tasmanite, 156 
Tataros asphalt, 72, 121 
Tempcraturo scales, 587 
Teimile strength: 
of bituminized aggregates, 553 
of bituminized fabrics, 438, 440, 562 
of bituminized substances, 481, 505 
of roofings, 562, 580 
Tensometer, 505 
Terminology, see "definition" 

Terpenes, 33, 37 
Tertiary mixtures, 347 

Testing of, sec "analysis,” also "examination”: 
manufactured products, 552 
raw materials, 480 
Tests, 481 
Texaco, 289 
Texas: 

asphalt in, see "asphalt” 
grahamitc in, set "grahamite” 
ozokerite in, see "ozokerite" 

Theories 
animal, 54 
inorganic 52 
vegetable, 53 

Thermometer scales, see "temperature scales" 
Thickness factor of felt, 569 
Thickness of - 
hituminized fabrics, 562 
felt, 390, 569 
paper, 436 
roofing, 502 

Tiles, asphalt, sn "asphalt tiles" 

Toluol, 39, 405, 400, 528, 534 
Topeka specifications, 304 
Topping process for petroleum, 274 
Torbanehill inmeiul, 100 
Torbamte, 100, 221 

Total bitumen, see "solubility in carbon disul¬ 
phide” 

erroneous use of expression, 21 
Tower system of distilling, see "petroleum” 
Transformer oil, 208 

Transverse strength of bituminized aggregates, 
554 

Trinidad: 

asphalt in, .ice "asphalt" 
grahamite hi, see "grahamite” 

Trinidad asphalt, 108- 
composition of, 112 
discovery of, 12 

first use for paving purposes, 17 
production of, 115 
refining of, 113 
Trinidad lake, 12, 48, 108 
Trinidad lake asphalt, 108 
Trinidad land asphalt, 115 
Trinkerite, 59 
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Turpentine, 185, 189, 194, 465, 466: 

wood, see "wood turpentine" 

Turpentine substitute, 267, 464, 466 
Turfy peat, 198 
Twitehell process, 323 
Twitchell reagent, 323 

U 

Uintaite, see "gilsonite" 

Ultimate analysis, nee "analysis" 

Uncombined mineral matter, see "mineral matter" 
Underwriters' Laboratories, Inc , 421 
United States, 
albertitc in, gee "albertite” 
asphalt consumed in, 67 
asphalt exported from, 66 
asphalt imported into, 66 
asphalt in, gee "asphalt” 
bitumimzod matter discovered in, 16 
first pavement in, see "pa\eme»t” 
gilsonite in, see "gilsonite" 
grahamite in, see "grahaimte" 
impsomte in, sec "impsonite" 
ozokerite in, see "ozokerite" 
production of asphalt in, see "asphalt " 
pyrohituminoiiB shales in, see "pyrohituminous 
shales" 

wurtzihte in, see "wurtzilite” 

Unsapomfiable matter, 481, 547 
Utah 

albertite in, see "albertitc" 
asphalt in, see "asphalt" 
gilsonite in, see "gilsonite” 
ozokerite in, see "ozokerite" j 

pyrobituminous shales in, see "pyrohituminous I 
shales" 

wurtzihte in, see “ wurtzilite ” 

V 

Vacuum distillation, 210, 246, 273, 320 
Vacuum impregnating compounds, Mil 
Val de Travers asphalt, 13, 16, 17, 118 
Varnish kettle, 468 
Varnishes- 

air-drying, see "nir-drymg \arniHho«" 
baking, sec "baking varnishes" 
bituminous, see "bituminous vairushes" 

Vaseline, 211, 269 
Vegetable fats, 317 

Vegetable matter, surfacings of, sie "surfiicings" 

Vegetable oils, 317, 325 

Vegetable oils ami fats, 341, 549 

Vegetable theories, see "theories, ^•getublc" 

Vegetable waxes, 549 

Veins, 50 

Venezuela, asphalt in, see "asphalt” 

Venezuela lake, 48, 86 
Ventura flux, 269 
Vertical retort, 170, 227 
Viscosity test, 481, 491 
V. M & P naphtha, 267, 281, 464 
Voids, 363 

Volatile matter, see "volatility test" 

Volatility test, 481, 516a 
Vosges pitch, 196 

W 

Walchowite, 59 

Wall-board, see "bituminized wall-board" 


1 Warrenite, 365 
Washers, see "scrubbers” 

Washers, preformed, see "preformed wuher» H 
Water, 41: 

determination of in felt, 389, 481, 529 
Water condensers, 174 
Water-gas, 173, 256, 257 
Water-gas tar, 166, 173- 
classification of, 27 
coefficient of expansion, 259 
property of, 259, 482 
refining of, 263 * 

Water-gas-tar pitch, 263: 
classification of, 27 

distinguishing from coal-tar pitch, 264 
properties of, 263, 264, 341, 482 
weather-resistance of, 341 
Waterproofing 
asphalt for, see "asphalt" 
coal-tar pitch for, see "coal-tar pitch" 
integral, see "integral waterproofing" 
membrane, see "membrane waterproofing" 
Waterproofing compounds for’ 
cement-mortar, 434, 457 
concrete, 434, 457 
Waterproofing fabrics, 386 
Waterproofing methods, 434 
Wax: 

animal, see "animal wax” 

blower, see "blower wax" 

crude scale, see "crude scale wax" 

fibrous, see "fibrous wax” 

hard, see "hard wax" 

marble, see "marble wax” 

mineral, sir "mineral wax” 

montan, see "montan wax" 

paraffine, sec "paraffine wax” 

pyrogenous, see "pyrogenous waxes" 

refined, sie "refined wax" 

refined paraffine, see "refined paraffins wax” 

refined scale, see "refined scale wax” 

still, sir "still wux ” 

\egetahle, see "vegetable waxes" 
white scale, sec "white scale wax” 
wool, sie "wool wax” 

yellow crude scale, see "yellow crude scale wax" 
Wax-stone, 75 
Wax tailings, 268, 279, 310: 
classification of, 27 
properties of, 311, 340, 482 
use ns flux, 311, 343 
use in paints, 312 
weather-resistance of, 311, 340 
yield of, 282 

Wearing course, 368, 372 
Weathering tests, 574: 
of bituminized fabrics, 577 
of bituminous paims, .582 
Weight of bituminized fabric, 562 
Weiss' specific gravity method, 490 
West Africa, albertite in, see “albertite" 

West Indies, glance pitch in, see "glance pitch" 
Westpha! balance, 487 

West Virginia, grahamite in, see "grahamite" 

Whcelerite, 59 

White oil, 207 

White scale wax, 281 

Wide-spaced shingles, see "shingles" 

Wood 

distillation of, 185 
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Wood— Continued: 
preservation of, 378, 456 
varieties of, 185 
Wood block pavements, 378 
Wood oils, 185, 465 
Wood preservation, 16, 378, 456 
Wood tar, 166, 184: 
classification of, 27 
earliest reference to, 13 
properties of, 101, 482 
Wood-tar pitch, 184, 188, 101: 
classification of, 27 
properties of, 192, 215, 341, 482 
weather-resistance of, 193, 341 
Wood turpentine, 190: 
destructively distilled, 405 
steam-distilled, 465 
Wool degras, 329 

Woolen mill waste, refining of, 328 

Wool-fat pitch, 317, 329 

Wool grease, 317, 329, 341 

Wool-grease pitch, 317, 332 335, 336 

Wool oil, 329 

Wool pitch, 317, 329 

Wool wax, 32!) 

Woven fahiics, 390 
Wurtzilite, 150. 

* characteristics of, 149,151 


Wurtzilite— Continued; 
classification of, 20 
depoly mediation of, 56, 313 
discovery of, 17 
in U. S., 150 
in Utah, 150 
metamorphosis of, 56 
properties of, 482 
production of, 64 
Wurtzilite asphalt, 313: 
classification of, 27 
distinguishing characteristics of, 315 
properties of 314, 341, 482 
use in paints, 316 
weather-resistance of, 316, 341 
Wurtzilite pitch, see “wurtizlitc asphalt” 
Wurtzilite shales, 159 

Wyoming, pyrobituminous shales in, tee "pyro- 
bituminous shales” 


Xenophon on asphalt, 9 
Xylol, 39, 465, 46(1 


Y 

Yellow crude scale wax 281 
Yellow grease, 327 
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CONSISTOMETER 


CONSISTOMETER 

Test Ur, p. 490. Used for 
ascertaining the hardness or 
consistency of bituminous sub¬ 
stances. Scientifically con¬ 
structed, yet. simple to operate. 
The personal equation elimi¬ 
nated. Results arc expressed 
in C. 0. S. units and recorded 
on a single hardness scale. 
The range of usefulness is 
greater than with any other 
instrument. 

TENSOMETER 

Tests lOt) and 11, p. 503. 
Used for ascertaining the duc¬ 
tility as well as tiie tensile 
strength (eementitiousness) in 
oneoperation. Furnished with 
an improved type of mould of 
circular cross-section. Easy to 
fill and safe to handle, without 
disturbing the specimen. Pro¬ 
vides for shrinkage as the sub¬ 
stance cools. 



TENSOMETER 


Manufactured by 

JOHN CHATILLON & SONS 

85-93 CLIFF STREET 
NEW YORK CITY 




HOWARD & MORSE 

Makers of High Grade Laboratory Apparatus; 
Including the Following Types, Especially 
Adapted for Road-Building Laboratories, etc. 


New York Testing Laboratory Penetrometers; Standard 

and Miniature Forms.see p. 495* 

Viscosimeter for Float Test.see p. 493* 

Asphalt Flow-Plates and Moulds 

Dow Ductility Moulds . . . • . . . . see p. 502* 

Smith Ductility Machines.see p. 503* 

Ball and Ring Fusing-Point Tester . . . see p. 513* 

N. Y. T. L. Hot Extraction Apparatus . . sec p. 558* 

Samplers for Creosote Oil, etc., adopted by Soc. Am. lt’way 
Engineers 

Vicat Needle for Testing Portland Cement 
Briquette Moulds for Portland Cement 

Standard Testing Sieves.see p. 540* 

Sieve Agitators for Hand, Belt or Electric Power, see p. 559* 
Screens for Broken Stone or Broken Slag—Revolving and 

Flat Types.see p. 540* 

Experimental Work, etc. 

*Page Numbers Refer to the Text in “Asphalts and Allied Substances" 


Correspondence Solicited. Catalogue on Application 

Catalogue 302FA Describes Our Line of Laboratory Testing Apparatus. 
It is Free for the Asking. Send Us Your Inquiries 


HOWARD & MORSE 

1197-1211 De KALB AVENUE 
BROOKLYN, N. Y. 
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THE WORLD STAN#$RD 


The Mullen 
Paper Tester 



The Adopted Standard of the United States Government, t.lie 
Freight Classification Committees and the General Paper Trade. 
Registers the breaking strength in actual pounds per square inch, 
not in a mere arbitrary scale. 

Especially suited for the following purposes, as described through¬ 
out the text of “Asphalts and Allied Substances 

Testing Raw Paper.p. 438 

Testing Insulating and Sheathing Papers.p. 438 

Testing Dry Roofing Felt.pp. 390 and 569 

, Testing Burlap and Duck.p.569 

Send for Catalogue and Reference» 

B. F. PERKINS & SON, Inc. 

Sole Manufacturers 

HOLYOKE, MASS. 






LITERATURE OF THE 
CHEMICAL INDUSTRIES 


On our shelves is the most complete stock of tech¬ 
nical,'industrial, engineering and scientific books in the 
United States. The technical literature of every trade 
is well represented, as is also the literature relating to 
the various sciences, both the books useful for reference 
as well as those fitted for students’ use as textbooks. 

A large number of these we publish and for an ever 
increasing number we are the sole agents. 


ALL jNQUIRIKS MADE OF US ARE CHEERFULLY AND 
CAREFULLY ANSWERED AND COMPLETE CATALOGS 
AS WELL AS SPECIAL LISTS SENT FREE ON REQUEST. 



D. VAN NOSTRAND COMPANY 

Publishers and BooheSeri 




NEW YORK 








